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ON THE CORRELATION OF THE LIFE-HISTORY OF 
THE ACEPHALINE GREGARINE, GONOSPORA, WITH 
THE SEXUAL CYCLE OF ITS HOST". 


By C. C. HENTSCHEL, B.Sc., F.L.S. 


(Demonstrator in Biology at St Bartholomew’s Hospital Medical 
College, London.) 


(From the Zoological Laboratory, University of London, King’s College.) 
(With 6 Text-figures.) 


THE acephaline gregarine, Gonospora varia Léger, from the coelomic cavity 
of the Polychaete worm Audouinia (Cirratulus) tentaculatus (Montagu)? 
exhibits an interesting phenomenon, in which the life-history of the parasite 
is closely bound up with the sexual cycle of the host. It is characteristic of 
the acephaline gregarines that they are, for the most part, inhabitants of the 
coelom, and, as a consequence, frequently live in very close association with, 
if not actually parasitic on, the reproductive cells themselves. The familiar 
Monocystis from the seminal vesicles of the earthworm is an example which 
is at once called to mind. So, in the case of gregarines such as Gonospora, it is 
a common feature for them to spend the greater part of their existence free 
in the body cavity among the host’s genital products. Naturally, they are 
reliant on the host’s method of expulsion of the ova or spermatozoa for the 
dispersal of their spores. We therefore find that the periodic annual spawning 
of the worm is accompanied by a corresponding periodicity in the life-history 
of the parasites, which probably results in the reproductive bodies of both 
parasites and host being expelled together. In this point there seems to be a 
somewhat greater degree of specialisation than in Monocystis, where it is 
generally accepted that the spores are shed only on the death of the earth- 
worm, either naturally or as the prey of some bird. 

Thus Hesse (1909), in his account of the Monocystids from Oligochaetes, 
does not seem to come to any very definite conclusion as to the possibility of 
some relationship between the life-history of the parasite and the development 
of the sex-cells of the host. He does not entirely agree with Ruschhaupt 
(1885) and Pfeiffer (1891), who had commented on the correlation between 
the development of Monocystis from the earthworm and the season of the 

1 A short account of this paper was read before Section D of the British Association for the 


Advancement of Science at the meeting at Southampton in August 1925. 
2 For help in naming the host I am indebted to Mr C. C. A. Monro of the British Museum 


(Natural History), to whom I wish to express my thanks. 
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year. However he concludes by saying, “Ce développement des parasites est 
commandé par le développement méme des cellules qui servent a les nourrir. 
Chez les Pheretima, on observe en tout temps dans les vésicules séminales des 
follicules spermatiques 4 tous les stades du développement et, comme consé- 
quence on trouve aussi & chaque instant des Grégarines a tous les stades. 
Chez les autres Oligochétes, les stades végétatifs des parasites sont surtout 
abondants au moment des poussées sexuelles.”” It would seem, therefore, 
that any very obvious correlation may not be necessary, owing to the possible 
lack of any regular periodicity of spawning among many Oligochaetes, such 
as Pheretima. 

Before describing the case of Gonospora varia, I should like to mention 
some other allied species, where a similar state of things seems to occur if one 
may judge from the literature. The most definite instance is that of Gono- 
spora longissima, described by Caullery and Mesnil (1898) from Dodecaceria 
concharum. This species behaves exactly like G. varia. “La Grégarine 
ou ses kystes se rencontrent constamment chez les individus épitoques de 
Dodecaceria....L’évolution de la Grégarine suit une marche paralléle a celle de 
lAnnélide.” They go on to say that the spores are formed at the time of 
sexual maturity and are shed with the ova or spermatozoa. A corresponding 
periodicity in the spawning of host and parasite is probably to be found in 
Gonospora (Kalpidorhynchus) arenicolae described by Cunningham (1907) from 
Arenicola ecaudata. Complete observations throughout the year do not appear 
to have been made, but it is significant that he says, “The cysts were very 
abundant in specimens containing large quantities of generative products, so 
that there is some reason for concluding that the cysts escape chiefly, if not 
exclusively, when the worms discharge their ova and spermatozoa.” Brasil 
(1905) made similar observations in the case of the type under consideration, 
G. varia: “L’évolution des kystes ne s’opérent que pendant une periode de 
l’année...qui correspond 4 la maturation ultime des éléments reproducteurs 
de l’héte et @ leur réjet 4 l’extérieure.” Another example which shows the 
very closest connection between the gregarines and reproductive cells is that 
of Gonospora minchinii, also from Arenicola ecaudata, described by Goodrich 
and Pixell-Goodrich (1921). This is actually an intracellular parasite of the 
ova themselves. Thus we have here no fewer than four species of Gonospora, 
all of which live in very close relationship with the sexual products of the host. 
In fact this correlation seems to be a marked characteristic of the genus. 

Finally we may refer to the work of Nowlin (1922), who has described how 
in Schneideria metamorphosa, an intestinal gregarine from the fly Stiara 
coprophila, the life-history is closely correlated with the metamorphosis of 
the host, definite stages in the development of the parasite being regularly 
found in the larva, pupa and adult fly respectively. Though this form is 
probably somewhat distantly related to Gonospora, being an inhabitant of the 
intestine, it is noteworthy since it shows that there may be a tendency among 
the Gregarinida to become adapted very closely to the life-cycle of their 
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hosts, and that the physiological changes taking place at different stages in 
the host’s metamorphosis or growth may initiate corresponding changes in 
the life-history of the parasite. 


C. C. HENTSCHEL 


In the case of Gonospora varia, I have had these parasites of Audowinia 
continuously under observation since 1922, and have had regular supplies 
sent to me from Plymouth during the year. In this way,-it has been possible 
to observe the changes that take place at different times of the year, and to 
note the way in which both gregarines and reproductive cells develop together, 
so that the close relationship between the life-history of the parasite and the 
sexual cycle of the host could be easily and clearly studied. 

At Plymouth, Audouinia appears to spawn during the early summer 
months, about May or June, though some do not seem to shed their genital 
products till later. Indeed, there is a certain amount of individual variation 
in this respect, some worms apparently reaching sexual maturity a little 
earlier or later than the average’. In the autumn, we find that the gonads 
are in a very undeveloped condition and at the same time the coelom contains 
only very young and small specimens of Gonospora, averaging about 350 in 
length. These have presumably developed from sporozoites that have escaped 
from spores ingested during the late summer months, and have made their 
way from the alimentary canal to the body cavity. During the winter thesé 
trophozoites gradually increase in size, alongside of the young ova or sper- 
matozoa. The gametes are shed at an early state of development into the 
coelomic cavity from the gonads, which are small patches of tissue, a pair 
situated ventrally in each segment; and are probably continually being thrown 
off during the winter months. By about February to March, the gregarines 
have reached their maximum size, some attaining to relatively huge pro- 
portions, e.g. 1 mm. in length, while a length of no less than 2 mm. is not 
unknown (Fig. 1). Soon after this they begin to associate. During April the 
coelom of a well-infected worm is full of associated forms in various stages 
of development, until by May or June we find that the vast majority of the 
gametocysts contain nothing but mature spores ready for shedding. In the 
meantime, the ova or spermatozoa have been increasing in number and 
maturing, so that by the time the spores of the gregarines are formed, the 
worm is distended with a large quantity of ova or spermatozoa which are 
now ripe. In this way it may be seen that both host and parasite have pro- 
duced their reproductive bodies and simultaneously have them ready for 
shedding. Presumably both gametes and spores are expelled together to the 
exterior by way of the genital ducts. 

Reinfection must be easy, as the worms generally live together in great 
masses buried in the mud or sand (e.g. at Rum Bay, Plymouth Sound), and 


1 On this point I do not seem to agree with Brasil (1905), who obtained his material from 
Calvados, North France. He found the period was a short one, lasting “environ une vingtaine de 
jours.” 
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this undoubtedly must account for the high percentage of infected worms to 
be found. By July, the majority of the worms are spent, and the coelom 
appears empty both of parasites and genital products, except for an occasional 
one or two that have accidentally been retained. These, as a rule, seem 
degenerate, and probably disintegrate after a while. Thus in a number of 
specimens of Audouinia examined in August 1923, in the Shetland Islands, 
only a single infection with Gonospora was noted, which would seem to be in 
a worm that was very late in spawning. 

The study of the normal development of the parasite gives us very direct 
evidence of this correlation, but in addition confirmatory evidence of a more 
circumstantial type may be obtained from a consideration of abnormal forms. 
It appears that the gregarines can develop completely only in those segments 
that contain gonads. If we examine specimens of Audouinia, we find that 
the gonads are confined to a certain number of segments in the middle of the 
body. The segments of the anterior 4th and posterior 4rd are devoid of re- 
productive organs; and it has been found that only in the middle segments 
which contain gonads, can the gregarines undergo their proper and complete 
development, associating, forming gametes and, ultimately, spores. 

Comparatively frequently, however, I have come across worms in which 
the young forms have evidently penetrated into segments in the hinder part 
of the body. (I have not found any in the few non-reproductive segments in 
the anterior part of the body; but this can be explained by the fact that the 
spores are extremely resistant, and it is very likely that they have to be acted 
upon by the worm’s digestive juices for a considerable period before the spores 
rupture, and by that time they would have passed some way down the 
alimentary canal beyond the anterior non-reproductive segments.) In the 
posterior segments the gregarines develop to some extent. They grow to a 
certain size, but never reach anything like the normal large proportions. On 
an average, they measure about 400, in length (Fig. 2). The cytoplasm has 
an unusual character, being considerably less opaque and granular, and does 
not show the typical streaming movements, which cause the “euglenoid” 
changes of shape in the normal forms. Not only are they unable to reach 
their usual large size, but also they do not seem capable of completing their 
development, though they are generally found associated, pairing when only 
about half the size of the normal (Figs. 3, 4). In some cases, too, there is a 
marked disparity in the sizes of the associates (Fig. 5). Further, these pairs, 
of whatever size, never succeed in rounding themselves off in the usual 
fashion and secreting a cyst-wall, but simply remain as pear-shaped bodies 
rather loosely attached together. The attachment is very insecure, as there 
are generally to be found in a smear a number of solitary pear-shaped indi- 
viduals which look as though they were associates that have become detached 
from their fellows in the making of the preparation (Fig. 6). At this stage 
development seems to stop; I have never yet found in the non-reproductive 
segments any sign of nuclear division and the subsequent formation of gametes. 
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The nucleus seems somewhat degenerate, the karyosome frequently frag- 
menting (Fig. 4) whereas typically in the Sporozoa it does not fragment until 
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Gonospora varia, x 120 approx. 


Fig. 1. Normal adult trophozoite (iron brazilin). 

ig. 2. Abnormal stunted trophozoite’from posterior non-reproductive segments of Audouinia 
(Mayer’s acid haemalum and eosin). 
Fig. 3. Normal association (iron brazilin). 
Fig. 4. Abnormal association from posterior segments, showing fragmentation of karyosome 

(Mayer’s acid haemalum and eosin). 

5. The same, showing disparity of size of associates (Mayer's acid haemalum and eosin). 
Fig. 6. Pear-shaped individuals, probably associates that have become separated owing to 
insecure connection (Mayer’s acid haemalum and eosin). 





it has been ejected into the cytoplasm after the first division of the gamont 
nucleus (cf. Jameson, 1920; Dobell, 1925). In fact, we may say that the 
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gregarines are unable to complete their life-cycle except in the presence of 
developing ova or spermatozoa. 

The presence of these parasites in the non-reproductive segments of 
Audouinia appears to have some sort of pathological effect on the host. 
Instead of possessing a stiff outer cuticle and somewhat firm body, the worms 
thus affected become flabby and transparent in the hinder regions. It is 
possible in many such cases to observe the parasites in the coelomic cavity 
by holding the worm up to the light and examining with a lens through the 
very transparent body wall, when they appear within the worm as whitish 
specks that can be moved about by slight squeezing. With a little practice, 
it has been found quite a simple matter to pick out at a glance worms infected 
in this way. Another characteristic of them is that the coelom seems to 
contain a larger amount of fluid than usual, so that on the worm being 
pricked or cut, the coelomic fluid pours out with a slight spurt. The turgidity 
caused by this extra amount of fluid is not, however, sufficient to make up 
for the flabbiness of the body-wall, so that these diseased worms lack the 
healthy firmness. As a rule, only the smaller worms are found to be abnor- 
mally infected, whereas the big specimens do not seem to suffer, though the 
vast majority of all sizes are infected in the normal fashion in the middle 
reproductive segments. There is no evidence to show whether the smaller 
worms are stunted by this abnormal infection; or are merely infected because 
they are small, owing to some lack of a power of resistance possessed by larger 
specimens. It is interesting to note that worms abnormally infected in the 
posterior segments are always found to contain gregarines in the reproductive 
segments as well, so that we can find both normal and abnormal lying in 
close proximity to each other, with merely a few segments separating them. 
This pathogenicity on the part of a parasite under abnormal conditions is 
certainly striking, and may be comparable with cases of disease caused by 
parasites accidentally infecting an unusual host. 


It appears, therefore, that the presence of developing ova or spermatozoa 
is essential for the completion of the life-history of the parasite. Since the 
gametes for the greater part of their growth period lie free in the body cavity, 
they must obtain their nourishment from the coelomic fluid; and it seems as 
though Gonospora, living under similar conditions, must feed in the same way. 
Indeed we might almost say that we have the worm’s gametes and the 
gregarines living side by side in a sort of “commensalism.” In the hinder 
regions, where no gonads are to be found, the coelomic fluid may be supposed 
to lack this nourishing substance, and, as a consequence, the growth of the 
parasites is stunted. The attempt at association, so frequently observed in 
these abnormal forms, is doubtless a valiant effort to perpetuate the species; 
but it looks as though the nucleus cannot divide except under the correct 
environmental stimulus, and that some substance is necessary to cause this 
and so lead the way to sporocyst formation. Whether this substance is the 
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same as that which we may suppose nourishes both gametes and parasites, there 
is no direct evidence to decide. Nevertheless, whatever it is, the evidence all 
seems to point to its being closely bound up with, if not actually secreted by, 
the gonads, since it is apparently not to be found in the non-reproductive 
segments. Or, possibly in the physiological changes that take place at the 
time of the maturation of the ova or spermatozoa, there may be produced 
some substance which, acting on the gregarines, causes them to associate and 
further stimulates the gamont nucleus to division and the consequent for- 
mation of sporocysts. We may, indeed, be dealing with something analogous 
to a hormone. 

To sum up, we may, therefore, be permitted to postulate the existence of 
some substance, or substances, possibly the secretion of either ovary or testis 
according to thesex of the worm, whichis used and produced during the develop- 
ment of the ova or spermatozoa. These are secondarily utilised by Gonospora, in 
the early trophozoite stages to form the food of the gregarine and later on to 
act as a stimulus to the formation of the reproductive bodies. Without them, 
Gonospora cannot complete its life-history or propagate its species. 

It is possible that the study of the life-history of other genera and species 
of acephaline gregarines may supply confirmation of this hypothesis, and it is 
hoped to carry out this further investigation in the future. 

In conclusion, I wish to record my thanks to Dr D. L. Mackinnon of King’s 
College, London, for her kind help and criticism. 
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FURTHER OBSERVATIONS ON THE LIFE-HISTORY 
OF LIMNAEA TRUNCATULA. 


By C. L. WALTON, Px.D., M.Sc. anp W. NORMAN JONES, B.Sc. 


(Laboratory of Agricultural Zoology, Dept. of Agriculture, University 
College of North Wales, Bangor.) 


One of us! has previously reported upon his investigations conducted during 
1913-16 in Mid-Wales. Opportunity for more detailed study was afforded 
during 1925, and the present paper relates to the results recently obtained. 

To recapitulate briefly: ZL. truncatula is the normal invertebrate host of 
Fasciola hepatica, the Liver Fluke. It is very abundant in shallow water, 
ditches, and flooded or swampy fields, etc., chiefly on clay soils. In size the 
shell reaches a maximum altitude of about 10 mm. Growth continues through- 
out the year unless interrupted by frost or drought, and ova are produced in 
spring, being deposited on mud, dead leaves, etc., in rounded gelatinous 
masses. The ova soon hatch, and in turn these young snails oviposit in July’. 

The present observations were undertaken to check the statements 
previously made and to obtain more exact data as to growth rates, etc., and 
also to ascertain whether this species was self fertile, as seemed probable. 
Walton (p. 249)! stated that neither in the field nor in the laboratory was 
L. truncatula ever seen to pair, although carefully watched; and this remained 
true during much further work and observation. Self fertility has been proved 
to occur in other species of Limnaea, but we are not aware that it has been 
observed in L. truncatula. 

Accordingly adult specimens were collected near Llangoed, Anglesey, on 
March 17 and 25, and 55 of these were placed in separate dishes in the 
Laboratory, together with a small amount of mud, also obtained from the 
place of collection, and kept under observation until mid-May. A number 
died early in the experiment and were at once replaced by others. In all, 
23 egg masses were deposited by 22 snails (one ovipositing on March 30 and 
again on April 2). The shell altitude of these 22 snails averaged 5-75 mm.; 
the greatest altitude being 9mm. and the least 5mm. Each of these egg 
masses was kept in a separate vessel, and all were placed together on a table 
in the centre of a large, unheated Laboratory, with windows on either side. 
Temperatures were recorded from March 24 to June 1 (Sundays excepted) by 
means of a maximum and minimum thermometer. The highest temperature 


1 Walton, C. L. (1918). Liver Rot of Sheep, and Bionomics of Limnaea truncatula in the 
Aberystwyth Area. Parasitology, x. 232-266. 
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recorded was 65° F. on May 24-26 and the lowest 49° F. on several dates; 
the average mean temperature being 56-4° F. The history of these ova is 
given in Table I. 


Table I. 
Record of 22 ova masses of L. truncatula from oviposition to hatching. 
No. of 

No. Size of snail Date of oviposition Hatching date young snails No of days 
1 5mm. March 30 — — _— 
2 6 30 April 25 7 26 
3 6 30 —_ _ — 
4 7 30 — — —_ 
5 7 30 2% 8 24 
6 on April 1 27 4 26 
7 6 1 2% 6 24 
8 6 1 “= — — 
9 7 2 25 12 23 
10 6-5 4 _ —_ — 
ll —_— 6 — -— -- 
12 6 6 — -- -— 
13 7 6 — — — 
14 6 6 -— — — 
15 5 11 25 5 14 
16 8 ll 28 — 17 
17 8 ll — 
18 9 il — a+ ~- 
19 _ ll —- — 
20 7 15 27 7 12 
21 6 16 — -- 
22 6 17 = ae 


The table shows that only 8 egg masses hatched. The time that elapsed 
between oviposition to hatching averaged 20-21 days; the longest period 
being 26 days and the shortest 12. The average number hatched was 6-24. 
It is perhaps of interest to note that although the number of days between 
oviposition and hatching varied considerably, yet all hatched between April 23 
and 28. 

To ascertain the average number of ova per mass, 20 were examined on 
April 25. They were deposited in the Laboratory by Anglesey snails collected 
on April 1; and all were from fully grown snails and therefore probably re- 
present a maximum. Owing to dirt which adheres to the exterior of the egg 
masses it is usually necessary to tease them apart before making the count. 
The average number of ova for these 20 masses proved to be 9-75; the greatest 
number of ova being 19 and the least 3, showing very considerable variation 
among snails of practically the same size. The majority of the masses are 
roughly spherical, but a few are more irregular in form, being longer than 
broad—this was the case in 6 out of the 20 examined. The largest measured 
6 x 5 mm. and the least 3 x 3 mm. 

To revert to the 49 young snails shown in column 5 of Table I. All were 
removed at hatching and isolated in separate vessels upon thin layers of 
diatomaceous mud, in shallow water. Again there was considerable mortality, 
but 12 remained alive and their further history is shown in Table II. At 
hatching, the shell altitude averages 0-75 mm. Coloration, a semi-transparent 
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light brown. When crawling with head protruding from the shell, the total 
length is from 1 to 1-2 mm. 





Table II. ; 
Shell measurements 
Date of A + 
No. hatching May 21-26 June 24 = Aug. 10-12 Oviposited Hatched 

1 April 22 15 mm. —_— — —_ — 

2 22 2-0 4-0 mm. 5 mm. July 6 (at 4-5 mm.) 

3 22 1-5 2-5 + aaa — 

4 25 1-25 3-0 3-5 July 6 (at 4 mm.) — 

5 25 1-5 2-5 35 —_ - 

6 25 1-8 _ — —_— — 

7 27 1-3 3-5 4-0 — 

8 27 2-0 2-5 3-5 Oviposited (Date?) 

9 27 1-5 2-0 3-0 — _ 
10 27 1-3 — — _ 
il 27 1-5 3°5 4-5 July 6 : 
12 27 1-3 3-0 4-0 July 7 x 


Gaps in this table are due to the death of the snails, or the absence of 
the writers in the field. Thus under “ Hatched” the actual date is unfortunately 
missing in each case, but hatching had occurred by August 8, 1925 (when 
first noted) and all the young snails had attained a shell altitude of 1 mm. on 
August 12. Nos. 1-3, 4-6, 7-9 and 10-12 had each hatched from the same 
egg mass; thus falling into four groups of three each. 

In three instances during the progress of these observations a snail de- 
posited more than one batch of ova; No. 15 of Table I oviposited on 30. 111. 25 
and again on 2. 1v. 25. No. 10 of Table II deposited three small ova masses 
during the first week of July. 

During field observations in Anglesey on May 25, large numbers of ova 
were found, in and among small puddles on a wet meadow. The ova masses 
occurred chiefly on wet mud between the hollows containing water. They 
were sheltered by a strong growth of grasses and other vegetation, and adhered 
loosely to the mud. A few solitary masses were also noted in the water in 
the hollows. Snails from these seemed to have selected the same spots for 
oviposition, 17 masses being collected on 1 square inch of mud and 59 from 
another 3 square inches. 

The young snails hatched in the Laboratory during early August died 
from desiccation during our absence. There is, however, good reason for 
believing a third generation follows under favourable field conditions, since 
young L. truncatula of 1 mm. length have been observed in October and even 
later. For instance numbers were seen in muddy hollows on a stream bank, 
in Bethesda, on October 6, 1925, at an altitude of 700 feet. 


SUMMARY. 


1. Egg masses of Limnaea truncatula collected in March 1925 were isolated 
and hatched in the Laboratory. The average number of ova per mass (for 20) 
proved to be 9-75. 
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2. The hatching period lasted 12 to 26 days, with an average of 20-21 
days (for the Spring generation). 

3. On hatching, young snails were isolated, reared, and again oviposited 
during the first week of July. Ova from these snails again hatched during 
the first week of August. 

4. It is thus shown that L. truncatula is self fertile; that oviposition can 
commence at a shell altitude of 4 to 4-5 mm. . 

5. Further data on growth-rates were obtained, showing that two (and 
probably three) generations occur between March and October. 


(MS. received for publication 26. x. 1925.—Ed.) 
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NICOTHOE ASTACI (COPEPODA), WITH A REVISION 
OF THE APPENDAGES. 


By W. HAROLD LEIGH-SHARPE, M.Sc. (Lonp.). 
Lecturer in Zoology, Chelsea Polytechnic, London, S.W. 


(With 6 Text-figures.) 


Since the publication of the original paper by Audouin and Milne-Edwards 
(1826, Ann. Sci. Nat. vol. 1x), no investigator appears to have thoroughly 
examined Nicothoe astaci. It therefore seemed to me desirable that this 
Copepod should be reinvestigated by modern methods in respect to the mor- 
phology of its appendages. 


T? Al 





+ 


mm. 


Fig. 1. Nicothoe astaci?. The entire animal in dorsal aspect. C. =cephalothorax ; 1-6 =the thoracic 
segments; A. 1=antennule; L.E. =lateral expansions; C.S.=caudal styles; Os. =ovisacs. 


The abundant material which has served for the appended description 
was collected by Michael G. L. Perkins (July, 1924) from the gills of Astacus 
homarus on the Norfolk coast. I am indebted to Miss Edith C. Humphreys 
for drawing the excellent figures herewith reproduced. 

The Body (Fig. 1) is divided into a cephalothorax consisting of a head 
followed by a neck of three visibly segmented rings, and a trunk consisting 
of an unsegmented anterior portion from which arise the paired, lateral 
enormous herniform expansions containing the ovaries, followed by an abdomen 
of four segments, the last bearing appendages in the form of caudal styles. 
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The ovisacs arise in the front of the abdomen from the first segment. The eggs 
are large (Fig. 1). The body and egg-sacs are rose-coloured, the lateral ex- 
pansions yellow. Dimensions: Extreme length to end of ovisacs, 2-25 mm.; 
to end of caudal styles, 1-7 mm., of which the caudal styles occupy 0-55 mm.; 
length of ovisacs, 1-3 mm.; greatest breadth, from a flattened preparation, 
2-8 mm.; length of antennule, 0-1 mm. I do not find any eyes; it is always 





Fig. 2. Nicothoe astaci 2. The anterior region in ventral aspect. Suctorial mouth at centre. L.= 
lunules; A. 1=basal joints of antennules; A.2=antennae; Mn.=mandible; Mx. 1 =first 
maxilla; Mx. 2=second maxilla; Mp. 1 =first maxillipede; Mp. 2=second maxillipede; G.= 
gullet. 





Fig. 3. Nicothoe astaci 9. The antennule. 


possible to overlook these in preserved specimens, but their absence can be 
accounted for naturally in an animal dwelling in darkness. There is a pair of 
lunules, such as is seen in some of the Caligidae, on the ventral frontal margin 
of the carapace. I believe the early observers mistook these for eyes. 

The cephalothoracic appendages (Fig. 2), all paired, are as follows: 
(1) Antennules (Fig. 2, A.1 and Fig. 3) eleven-jointed, the proximal joint 
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forming a concave socket into which the other ten fit as one. Of the other joints 
the one next the socket is much the largest, the terminal the next largest, 
the other nine gradually decreasing in size from the proximal to the penulti- 
mate. They are strongly setigerous, but, except for the terminal, on the anterior 
face only. (2) Antennae (Fig. 2, A. 2) are reduced to one-jointed stumps, each 
with three setae at the apex. The animal was previously described as without 





Fig. 4. Nicothoe astaci 9. The middle region tn ventral aspect. C.=hinder part of cephalon; 
Th. 1-4=the first four thoracic segments and their appendages; Mp. 2=second maxillipede; 
C. =couplers. 


antennae. (3) Mandibles (Fig. 2, Mn.), styliform, very sharp-pointed with 
triangular base and apparently toothless. (4) lst mazillae (Fig. 2, Mx. 1) 
three-jointed, the joints being flexed upon one another. The distal joint 
bears an exopodite and a bifid endopodite of which the former is much the 
larger. (5) 2nd mazillae (Fig. 2, Mx. 2) two-jointed, distal joint tripartite at 
the apex, each ramus being apparently two-jointed, the posterior being bi- 
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partite, the anterior serrate on the hinder edge. (6) 1st mavillipedes (Fig. 2, 
Mp. 1) two-jointed, capped by an exopodite and an endopodite of equal size, 
both serrate forming a capable organ of prehension. (7) 2nd mazillipedes 
(Figs. 2 and 4, Mp. 2) four-jointed, the terminal joint very small and capped 
by two large setae, one of which is twice the length of the other. There is also 
a single seta on the anterior edge of the penultimate joint and a large and 
prominent seta on the basal joint. 


f +) Ab4 Os. 














Fig. 5. Nicothoe astaci?. The posterior region. Th. 5-6 = fifth and sixth thoracic segments; Ab. 1-4 
=the four abdominal segments; Os. = ovisacs; C.S.=caudal styles; R.=rectum; A. =anus. 


The first thoracic segment (Fig. 4, C.+ Th. 1) is fused to the cephalon and 
its pair of legs is uniramous and the apex points anteriorly. They are four- 
jointed and strongly setigerous. 

There follow three free thoracic segments (Fig. 4, Th. 2-4) each possessing 
a similar pair of biramous, setigerous appendages, each consisting of a basal 
joint bearing the rami, each of which is three-jointed. In the figure the 
appendages are shown (a) in full detail and in their natural position pointing 
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posteriorly on the spectator’s left, and (6) diagrammatically and simplified on 
the right. The endophragmal skeleton shows curious details, all of which are 
not figured, but only those on and near the couplers. All the setae are plumose, 
but for the sake of clearness are not so shown in the figure. 

The next segment (Fig. 5, Th. 5) is the genital segment and from its un- 
segmented region arise the lateral expansions; its posterior region is segmented 
and bears a pair of one-jointed setigerous appendages. The sixth thoracic 
segment is fused with the first abdominal and from this the ovisacs (Fig. 5, Os.) 
emerge. 





Fig. 6. Gill of lobster showing one Nicothoe astaci 2 in situ, the antennules parallel with the body 
in the feeding position. 


The Abdomen (Fig. 5) consists of four segments of which the first three bear 
no appendages. The fourth segment (Ab. 4), upon which the anus opens, is 
bilobed posteriorly, each lobe bearing a caudal style and four setae in addition, 
arranged as shown in the figure. 

The Mouth (Fig. 2) is suctorial and discoid. It is surrounded by a ring of 
setae of the same characteristic type as in Lernaeopoda. It leads into an 
enlarged, bulbous, muscular gullet which probably exerts a pumping action. 
The alimentary canal is narrow. The stomach is not much enlarged and no 
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contents are visible in my preparations. There is a slightly dilated rectum 
(Fig. 5, R.) immediately anterior to the anus (A.). 

The animals are attached to the filaments of the lobster’s gills by the 
suctorial mouth, not necessarily permanently, but probably so in actual 
practice. The copepods occur in groups, seeming to prefer the close proximity 
of one another, being crowded on one part of the gill, while some gills are 
uninfested. The mandibles are operated in the same way as I have described 
in Lernaeopoda (Parasitology, v111. 266) and thrust into the teat-like gill-process 
which is full of blood (Fig. 6). 

These animals are far less degenerate than is commonly supposed. In 
general aspect they resemble a Cyclops with lateral expansions. Their Cyclopoid 
features are: the retention of the full segmentation of Cyclops (five free thoracic 
and four free abdominal segments); caudal appendages and styles; many- 
jointed antennules (more than eight joints); the first four thoracic segments 
bear biramous swimming legs (though the first pair in Nicothoe is uniramous) ; 
the fifth thoracic segment bears a pair of vestigial limbs; the abdominal 
segments are limbless; large eggs and ovoid ovisacs. Their Caligoid features 
are: the presence of lunules; suctorial mouth formed by the modification of 
upper and lower lips inclosing styliform mandibles; a first attempt at the 
inauguration of a genital segment. Relationship is shown to such a very 
degenerate genus as Lernacopoda in a similarity of the suctorial mouth cone 
and styliform mandibles, even to their triangular base in some species. A 
probably adventitious resemblance is the similar tripartite second maxillae. 
I cannot therefore agree with those, e.g. Geoffrey Smith, who would place 
the genus Nicothoe in the Caligoid family Dichelesthiidae, even though 
Dichelesthium and Eudactylina show as many as eight joints in the antennule; 
Eudactylina retains an almost Cyclopoid segmentation and four pairs of 
biramous three-jointed thoracic legs (not much like those of Nicothoe) but the 
other appendages are entirely different, and the eggs in the ovisacs in this 
family are in a single series. I consider it preferable to associate Nicothoe 
with the genera Poecilopes and Lophiropes (with which, however, I am not yet 
acquainted) in the family Ascomyzontidae (Asterocheridae), a Cyclopoid 
family resembling the Ergasilidae but with sucking lips and styliform man- 
dibles, antennules 5-20 joints, and prehensile first maxillipedes. 


(MS. received for publication 30. x. 1925.—Ed.) 
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ON THE TREMATODES OF THE DIGESTIVE TRACT 
OF A COMMON INDIAN FROG, RANA TIGRINA, 
WITH A DESCRIPTION OF CENTROVITUS PENT ADELPHI NG.,NSP. 


By G. D. BHALERAO, M.Sc. 
(Biological Department, University College, Rangoon.) 
(With 1 Text-figure.) 
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INTRODUCTION. 


THE material for this paper was obtained partly at Allahabad and partly at 
Nagpur from Rana tigrina. In those dissected at Nagpur Centrovitus penta- 
delphi n.g., n.sp., was found in the duodenum and in the intestine and but 
once in the oesophagus. This species was also found in the duodenum and 
intestines of the frogs at Allahabad, but there in addition was obtained once 
from the stomach and once from the rectum. Ganeo glottoides (Klein, 1905) was 
found but twice in the intestines of frogs at Allahabad. 

I wish here to express my indebtedness to Mr Ram Saran Das, M.Sc., of 
Allahabad University, who sent me his slides of Ganeo glottoides at my request. 


Centrovitus pentadelphi n.g., n.sp. 


On every occasion about six to twelve mature forms of this worm were 
obtained from the different regions of the digestive tract of Rana tigrina 
namely, oesophagus, stomach, duodenum and intestine. Of these organs the 
duodenum and the proximal portion of the intestine appear to be the most 
favourite haunt of these worms, for out of ten dissections on only one occasion 
were they obtained from the oesophagus and only once from the stomach; 
otherwise they were found in the duodenum and the adjacent portion 
of the intestine. Smaller and somewhat immature forms were collected in 
large numbers—40 to 50—on one occasion from the rectum of the frog. The 
mature forms were of a deep red colour while the immature and the smaller 
forms from the rectum were pinkish. The mature forms exhibited very active 
movements of their anterior portions which they contracted and expanded 
to a great extent. The smaller forms did not show any noticeable activity. 
These latter were very transparent, so that the internal anatomy could easily 
be elucidated under a low magnification without the application of any 
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pressure. The mature forms had also a fairly thin musculature and thus 
showed a large portion of their internal organs on the application of pressure 
of a thin cover-slip. The fully developed forms were very slightly attached 
to the walls of the digestive tract, being easily removed: the younger ones, 
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Centrovitus pentadelphi n.g., n.sp. 

Fig. 1. Ventral view: c.s., cirrus-sac; cir., cirrus; du.ej., ductus ejaculatorius; ex.p., excretory 
pore; i.c., intestinal caecum; oes., oesophagus; or.su., oral sucker; ov., ovary; ph., pharynx; 
sh.gl., shell-gland; 7'., testis; ut., uterus; v.e., vas efferens; v.su., ventral sucker; ves.sem., 
vesicula seminalis; vit. vitellaria; vit.du., vitelline duct. 

Fig. 1, A. Nervous system: a.n. anterior nerve; p.n., posterior nerve; t.n.b., transverse band. 


however, had no attachment at all as on opening the rectum all quickly 
emerged into the water. The infection due to this parasite is fairly common 
among frogs (10-20%). One striking peculiarity is that frogs are only infected 
during the monsoon and in the cold season: those dissected during the hot 
season contained no parasites. 
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Centrovitus pentadelphi is flat, with an elliptical body tapering at both 
ends, the extremities being rounded. The size varies greatly, being from 1-77 to 
5-5 mm. in length and from 0-3 to 1-1 mm. in breadth. The area of greatest 
breadth varies from the level of the intestinal fork to the level of the ends of 
the intestinal caeca. Very little contraction occurred during fixation; in case 
of young forms in particular this factor was negligible. The anterior part of 
the body is covered with cuticle bearing backwardly directed spines which 
become sparser behind the vitellaria and disappear totally at the level of the 
hinder border of the posterior testis. They are largest from the level of the 
ventral sucker to the posterior extension of the vitellaria; both anteriorly and 
posteriorly to this area they diminish in size. The largest measures 0-028 
x 0-008 mm. 

At the anterior extremity is the mouth surrounded by a circular oral sucker 
measuring from 0-27 to 0-32 mm. in diameter. It is followed by a very 
short pre-pharynx, not visible in contracted specimens, but easily recognisable 
in living ones or those fixed under a slight pressure. Posterior to it is a glo- 
bular, muscular pharynx measuring from 0-17-0-19 mm. in fully developed 
specimens and followed by an oesophagus of moderate size, about 0-33 mm. 
long; it is straight in adults, but in younger forms usually appears to be bent 
in the form of an S. It bifurcates into two intestinal caeca which pass posteriorly 
along the sides of the body, their length compared to that of the body varying 
greatly with the age of the worms. In the younger forms their length equals 
two-thirds of the body-length; they extend to the posterior border of the 
anterior testis, but in adults they only reach as far as the middle of the body. 
This relative decrease in the length of the caeca is due to the increase in number 
of uterine coils as the age advances, effecting a corresponding increase in size 
of the posterior portion of the body in which they lie. The ventral sucker 
lies at the anterior third of the body and measures from 0-3 to 0-34 mm. 
in mature specimens. The ratio that exists between the oral and the ventral 
sucker is 3 : 4 approximately. 

The excretory system is simple with a Y-shaped bladder opening at the 
posterior end of the body by an excretory aperture. The stem of the bladder 
is long and extends slightly behind the posterior testis, where it bifurcates 
into two arms which pass anteriorly. 

On the dorsal surface of the pharynx is a stout transverse nerve band 
which extends across its whole area. From the lateral ends of the latter two 
somewhat thin nerves are given off which pass antero-laterally. Posteriorly 
the nerve band gives out two stout nerves which pass on either side of the 
oesophagus. From a short distance behind the origin of the latter arises 
another nerve which also passes posteriorly, being inclined a little towards the 
sides (Fig. 1, A). 

The testes are two regular, ovoid bodies, lying in the posterior half of 
the body, obliquely one behind the other. The anterior one lies half the way 
in level with the ends of the intestinal caeca, In the majority of cases the 
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anterior is smaller than the posterior; and only exceptionally both of them 
appear to be equal. The anterior is 0-41-0-6 mm. long and 0-28-0-39 mm. 
broad, and the posterior 0-47-0-61 mm. long and 0-35-0-43 mm. broad. The 
relation of the testes to the ends of the intestinal caeca remains the same 
throughout life, but their position in the body varies with age. In the 
young they are found much nearer the posterior end, but as age advances 
they are more and more separated from it. From their ends arise very thin 
vasa efferentia which pass anteriorly approximately parallel to the intestinal 
caeca, as far as the posterior border of the ovary, where they bend centrally 
towards each other and meet to form a short common duct, the vas deferens, 
0-05 mm. in length. This latter enters the cirrus-sac and enlarges to form at 
its base a thin, somewhat pear-shaped vesicula seminalis, 0-96 x 0-24 mm. 
in the adult. Following it is first a long, thick and muscular ductus-ejacu- 
latorius, then a short pars-prostatica. The terminal portion of the male 
genital duct is the cirrus, a long organ covered with strong musculature and 
capable of being everted to a considerable extent from the cirrus-sac. The 
latter is a long curved sac lying on the right side of the ventral sucker, and 
extending from behind the intestinal fork to a little distance behind the 
ventral sucker, where it ends anterior to the ovary. Anteriorly it opens to 
the exterior by means of a genital pore lying mid-way between the intestinal 
fork and the anterior border of the ventral sucker. 

The ovary is ovoid or round and lies immediately behind the posterior 
end of the cirrus-sac, slightly to the left of the centre of the body. It 
measures 0-3-0-35 mm. x 0-26-0-32 mm. It gives out centrally a short 
oviduct which enters the shell-gland. This lies in the centre of the body 
immediately posterior to the ovary and measures about 0-22 x 0-22 mm. 
in adult specimens. The receptaculum seminis is small and lies close to and 
on the left side of the shell-gland. Laurer’s canal passes dorsally to the latter. 
The uterus arises from the left side of the shell-gland. Its coils first pass 
along the left side of the body through the space between the testes to the 
posterior end from whence they proceed anteriorly through the inter-testicular 
area to the right side of the ovary dorsally to the ventral sucker. Ultimately 
they open into the genital opening by a separate aperture. No ductus- 
hermaphroditicus is present. The vitellaria consist of five groups on each 
side lying at the sides of the mid-body and occupying nearly one-fifth of the 
body-length. They extend generally from the posterior end of the ventral 
sucker to the end of the intestinal caeca. All the groups overlap the intestinal 
caeca and are arranged in two rows: the outer containing three groups and 
the inner containing the remaining two. Each group contains a varying number 
of ascini ranging from 14 to 30; generally the groups of the inner row contain 
fewer ascini than those of the outer. From each group is given off a small 
vitelline duct: all five from the same side meet together in the centre of the 
gland, between the inner two groups, and above the intestinal caecum of 
that side and form a small transverse vitelline duct. The two ducts from either 
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side meet centrally to form a round vitelline reservoir, 0-5 mm. in diameter, 
from which a short duct passes anteriorly and opens into the shell-gland. In 
the uterus are to be found numerous eggs, light brown in colour, operculated 
and measuring from 0-024-0-027 mm. in length and 0-012-0-013 mm. in 
breadth; in some of them segmentation may have begun. 

The fact that younger flukes are found in the rectum only suggests that 
the infection first takes place through the anus. The cercaria liberated from 
some mollusc in the pond in which the frogs reside come to lie in the rectum 
through the anus, where they undergo their further development. From there 
they migrate into the other parts of the alimentary canal as far as the 
oesophagus. 


The present form is obviously contained in the sub-family Plagiorchiinae 
described by Liihe (1909, p. 106). It resembles all the genera in this sub- 
family, in the general body-form, the spiny nature of the integument, the 
shape of the excretory bladder, the position of the ovary and the possession 
of the pre-pharynx to the alimentary canal. It resembles Plagiorchis (Liihe, 
1899) in the nature of the cirrus-sac, the extent of the uterus, the position 
of the testes and the genital pore; but differs from it in the extent of the 
intestinal caeca, the length of the oesophagus, and the extent of the vitellaria. 
It differs from the Opisthioglyphe (Looss, 1899), Dolichosaccus (Johnston, 
1912) and Brachysaccus (Johnston, 1912) in all particulars except those already 
mentioned. The extent of the intestinal caeca and the position of the vitellaria 
in the mid-body are characters which are peculiar to the forms under discussion. 
These in addition to those already mentioned separate it from all other genera 
included in this sub-family. It becomes therefore necessary to create a new 
genus for its reception, for which I suggest the name of Centrovitus and for 
the species Centrovitus pentadelphi. 

Generic diagnosis. PLAGIORCHIINAE: Body of moderate size, elliptical, 
tapering at both ends, extremities rounded. Pre-pharynx and pharynx 
present, oesophagus moderately long, intestinal caeca reaching slightly 
posterior to mid-body. Excretory bladder Y-shaped, with long stem and short 
arms. Genital pore between intestinal fork and ventral sucker. Testes in 
posterior half, obliquely one behind the other. Cirrus-sac on the right side 
of ventral sucker. Ovary behind cirrus-sac to the left of the middle line. 
Vitellaria to the sides of mid-body. Uterus extending as far as posterior end. 
Eggs operculated. 

Specific diagnosis. Centrovitus: 1-7-5-5 mm. long and 0-3-1-1 mm. broad. 
Ventral sucker larger than oral. Pre-pharynx short, pharynx globular and 
muscular; oesophagus moderately long; intestinal caeca reach slightly behind 
mid-body. Excretory bladder Y-shaped, stem reaching to a little behind 
posterior testis. Testes immediately posterior to intestinal caeca, obliquely 
one behind the other; anterior smaller than posterior. Cirrus-sac curved, 
extending from genital pore to slightly behind ventral sucker. Vesicula 
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seminalis straight, at the base of the cirrus-sac. Ductus-ejaculatorius long 
and muscular. Pars-prostatica short. Cirrus long, muscular, eversible. 
Genital pore between ventral sucker and intestinal fork. Shell-gland central 
behind ovary. Receptaculum seminis on left side of shell-gland. Laurer’s 
canal dorsal to shell-gland. Vitellaria extend from posterior border of ventral 
sucker to the ends of the intestinal caeca, in five groups: three outer and two 
inner, yolk-sac present. Uterus in ascending and descending branches passing 
between testes to the end of the body. Eggs light brown, operculated, 0-024- 
0-027 mm. x 0-012-0-013 mm. 
Habitat. Digestive tract of Rana tigrina. 


Ganeo glottoides (Klein, 1905). 
This trematode was found in the gut of Rana tigrina on two occasions, 
two being present in one instance and about six in another. The species was 
described by Klein (1905, p. 15) from Rana hexadactyla. 


REFERENCES. 
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In a collection of the early stages of Simuliidae, made by Mr F. W. Edwards, 
in the summer of 1923, from the rapids above Tannforsen waterfalls, Sweden, 
there are representatives of 11 species of Simuliwm: larvae and pupae of 
S. venustum Say and S. tredecimatum Edw., larvae of S. morsitans Edw. and 
S. reptans var. galeratum Edw., pupae of S. tuberosum Lundstr., larvae and 
pupae of S. pusillum and pupae of S. pallipes Fries and S. lyra Lundstr., besides 
pupae of three other indeterminable species. In a previous paper I have 
already described, in detail, the early stages of the first five species, and in the 
present paper I deal for the first time with the remaining six species and the 
early stages of S. ferruginum Wahlgr. The pupae of S. pusillum Fries, S. pallipes 
and S. lyra were identified by Mr Edwards, by dissecting out the male genitalia, 
but those of the remaining three species, herein described as species I-III, are 
indeterminable owing to their immaturity. It seems inadvisable to give the 
pupae new specific names as further investigation may prove that they belong 
to well-known Continental species. 

The study of the early stages of S. pusillum and of S. lyra shows, as has 
already been pointed out by Edwards (1924), that it is futile to break up the 
old genus Simulium into a number of genera and subgenera depending on our 
present knowledge of the European Simuliidae. 
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SIMULIUM PUSILLUM Fries. 
= S. minutissima Zett. 
S. pygmaea Zett. 
Larva. 

Average length of fully grown larva 6-5 mm. Body colour light grey with 
segmentally arranged dark bands incomplete ventrally. Head, light brown. 
Groups of discs (regions where muscles are attached internally on the wall 
of the head) are deeply pigmented and appear as conspicuous dark spots. 
Spots b and ¢ are somewhat separated, spot d extends posteriorly in some 
specimens and is confluent with a greyish clouding which spreads along the 
posterior border of the frons-clypeus and envelops spots e and f, these being 
less dark than the others. Laterally there are five well-defined head-spots; 
an eye-brow is present with or without a faint included dark spot. The lightly 
chitinised area in the ventral wall extends about half way anteriorly, while 
in S. latipes and S. aureum it hardly extends beyond the two dark apodemes 
in the posterior border (Puri, 1925). 

Antennae: long and slender, 4-segmented, very much like those of S. latipes. 
Cephalic fan-filaments number about 85 on each side. Mandibles: of the three 
teeth in row st the median tooth is the shortest, but in some specimens the 
distal two are both small and subequal, while the third is long; row bt has 
8-11 teeth; the tooth-like processes tp are different in form to those found in 
S. latipes or S. aureum. Submentum with nine teeth in front row and two on 
each side. The median tooth and the one at each end of the front row are longer 
than the rest, which are all of about the same length. The latter lie somewhat 
in a straight line and appear trifid as in S. monticola. There are 4—6 hairs on 
each side ventrally, the distal two or three longer than the rest. 

Anal gills have 5-7 subequal branches. The number of rows of hooks in the 
posterior sucker is 80-85. Ventral papillae present but comparatively shorter 
than in S. latipes and S. aureum. 

The Mesenteric or Gastric caeca as in S. nélleri; the tenth pair of spiracular 
scars not clearly visible. 

Pupa. 

Average size 3-3 x 1-1 mm. Thoracic trichomes long, as in S. aureum, 
except that of the ventral pair one is very short and the other has shifted a 
little upwards, so that the dorsal group appears to consist of four. Abdominal 
hooks and cuticular spines strongly chitinised, the dorsal hooks on segments 
3 and 4 being almost black. There are well-developed spines dorsally on 
segments 5-8, and a few even on segment 9. Strong ventral cuticular spines 
present on segment 4. The pair of terminal spines also present. 

Respiratory filaments about 2-8 mm. long; four in number, arising more or 
less from the same place, or arranged in sessile pairs; all about equal in length 
and diameter. The two dorsal filaments lie in the vertical plane, the ventral 
pair in the horizontal plane. 
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Cocoon: Average size 3-6 x 1-8 mm.; intermediate in form between that 
of S. aureum and S. ornatum. The floor, which lies only in the posterior half, 
is fixed to the dorsal wall a little above the lateral border!. It is not very tough 
and the anterior border is not thickened into a strong rim. There is no process 
at the anterior end. 

Friedrichs’ figure and his description of the pupa of S. costatum are so 
vague that they could equally well apply to either S. awreum or to S. pusillum. 
It is also possible that his figure of the pupa of a variety of S. awreum, in which 
the cocoon is not very broad, may belong to this species. 


SIMULIUM PALLIPES Fries. 
Pupa. 

Size about 5-0 x 1:3 mm. Thoracic trichomes short and simple; 4—5 strong 
anteriorly curved sensory hairs are present dorsally on the 2nd abdominal 
segment; while segments 3 and 4 have the usual row of eight hooks each. There 
are continuous rows of well-developed cuticular spines dorsally along the 
anterior borders of segments 5-9. Ventrally, there are a strong sensory hair 
on each side of segment 3, a pair on each side of segment 4, and the usual pairs 
in segments 5-7. On segments 8 and 9, ventro-laterally, there are on each side 
four to five strongly chitinised hairs, which are bifid, with the two branches 
spirally coiled. Spines of terminal pair elongated and very strong, placed close 
together on a single rounded protuberance. A long sensory hair arises from the 
base of each of the terminal spines as in S. hirtipes (Puri, 1925, Text-fig. 20). 

Respiratory filaments: About 1-4 mm. long; 30-35 in number (the number 
of filaments is not constant even on the two sides of the same pupa), arranged 
in five primary branches or groups (a dorsal, a ventral, two lateral and one 
median) arising from the end of a knob-like stem. Each of these primary 
branches divides and subdivides, giving rise to a varying number (3-9) of fila- 
ments. The arrangement of the filaments into five groups is very characteristic. 

Cocoon like that of S. tredecimatum. 


SIMULIUM LYRA Lundstrém. 
Pupa. 

Average size 4-2 x 1-2mm. Thoracic trichomes short and simple. On the 
2nd abdominal segment, dorsally, there is a row of 8-12 strongly chitinised 
sensory hairs (appearing like hooks). On each of the segments 3 and 4, besides 
the usual row of eight hooks, there are all round the segment a number of 
short sensory hairs, somewhat transformed into hooks. Incomplete rows of 
cuticular spines are present along the anterior borders of segments 6-8. The 
usual pairs of simple hook-like ventral spines present on segments 5-7. 
Ventrally, on each of the segments 8 and 9 there is a group of three to four 
strong, bifid sensory hairs, with the branches spirally coiled as in S. tredeci- 
matum. (Unlike the latter species there are no extra hairs on the segments 
5-7.) A pair of small terminal spines present. 


1 It is in this detail alone that it resembles the cocoon of S. aurewm. 
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Respiratory filaments: About 1-5 mm. long; average number 30 (highest 
number 38 and lowest 25). The main stalk divides into three primary branches 
—a ventral, a median and a dorsal branch. The ventral branch bifurcates 
twice, the median gives rise to two sets of branches from its very base (so that 
in some a number of branches appear to arise from the main stalk). Each of 
these two sets consists of two branches—an external and an internal branch, 
each subdividing into 2-5 filaments. The dorsa] branch bifurcates near its 
base into a short branch, subdividing into 3-5 filaments and a long branch 
giving off 8-12 filaments. 

Cocoon: Average size 6-3 x 1-6 mm.; very thin, its component threads not 
clearly discernible and there is no thickened anterior border. Shaped as in 
S. equinum but the anterior portion above the substratum is comparatively 
much longer and resembles that of S. tredecimatum. 


SIMULIUM sp. I. 
Pupa. 

Size 2-9 x 13mm. Trichomes on head and thorax, simple and slightly 
longer than in S. nélleri. Rows of eight strong hooks on each of segments 3 
and 4 dorsally. Fairly regular rows of cuticular spines present dorsally along 
the anterior borders of segments 6-9 and a few spines even on segment 5. 
There are two pairs of bifid spines ventrally on segments 5-7, but only one 
pair on segment 4. A pair of simple spines is also present on segment 8. Pair 
of small terminal spines present. 

Respiratory filaments (Fig. 1): 1-6 mm. long, eight in number, all subequal 
in length and thickness, arranged as follows: (a) a dorsal stalked pair, (b) an 
external somewhat sessile pair, with a solitary filament arising just below the 
base, (c) an internal pair, with a long stalk from which arises another solitary 
filament. 

Cocoon: Size 2-9 x 1-9 mm. (near the anterior end). As in S. ornatum, but 
not so tough and the anterior rim is not well-developed. 

Described from a single immature male pupa. Deposited in the British 
Museum. 

Simuium sp. II. 
Pupa. 

Average size 3-2 x 1-2mm. Thoracic trichomes (number as usual in the 
other species) are branched, as in S. monticola (Puri, 1925, Text-fig. 10, F), 
but one or two may be simple. Dorsally on the abdomen there are a few 
thickened sensory hairs on segment 2, a row of eight hooks on each of segments 
3 and 4, and a row of small cuticular spines along the anterior border of 
segment 8. Occasionally a few straggling spines may also occur on segment 7. 
Pair of small terminal spines present. Ventrally, there are a pair of hooks on 
each side on each of segments 5-7, but absent on segment 4. 

Respiratory filaments (Fig. 3): 1-2 mm. long; ten in number, all of subequal 
length and diameter. There is a ventral and a dorsal branch; each bifurcates 
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twice, thus forming eight filaments. The remaining two filaments arise in- 
dividually from the main stem in between the bases of the two primary 


branches. 





Simulium sp I. Pupa. 
Fig. 1. Pupal respiratory filaments of right side (ends of filaments amputated). 


Simulium sp. II. Pupa. 
Fig. 2. Respiratory filaments of right side (ends amputated). 
Fig. 3. Lateral view of pupa in situ within the cocoon. The respiratory filaments of pupa and 
the loops at the anterior end of cocoon of the right side only being shown. 
C, cocoon; l.p, loop-like processes at the anterior end of cocoon; P, pupa. 


Cocoon (Fig. 2, C): average size 4-2 x 1-4mm. Resembles that of S. equinum 
in general form. The anterior border is peculiarly produced in flattened bundles 
forming loop-like structures (l.p), as shown in Fig. 2. 

Specimens in the British Museum. 

SIMULIUM sp. III. 
Pupa. 

Pupae resemble those of S. lyra throughout except for the number of 
respiratory filaments. The primary and the secondary branching of the main 
respiratory stalk as in S. lyra but the tertiary branches subdivide a number of 
times, giving rise to 50-60 filaments. 

Cocoon as in S. lyra. 

Adult females collected by Edwards (1924, p. 33), which differed from 
S. lyra 29 in having the mesonotal pubescence uniformly pale, may belong to 
our species III. This, however, may be merely a variety of S. lyra. 


SIMULIUM FERRUGINUM Wahlgren. 


In August, 1923, Mr Edwards collected a few larvae from stones in small 
streams in the spruce woods covering the lower slopes of Areskutan mountain, 


1 The pupae of Sp. III differ from S. lyra in just the same way as the pupae of S. hirtipes from 
France differ from those collected in Norway (Puri, 1925, p. 362). 
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Sweden. Owing to their large size it seems fairly obvious that these larvae 
belong to Simulium ferruginum, whose adults had been collected previously 
from the same locality. Simply from the examination of the larva, it is not 
possible to say how far Enderlein is justified in placing ferruginum in a separate 
genus, e.g. Helodon, but judging from their general characters, these larvae 
appear to belong to the hirtipes group. 


Larva. 
EXTERNAL ANATOMY. 


Length of a fully-grown larva about 9-6 mm. Body colour very pale brown 
without annulations. Head (Fig. 4): light yellow, with groups of discs very 
dark brown, and appearing as sharply defined head markings. Shape of frons- 
clypeus as in S. hirtipes; spots a and d somewhat confluent, b and c widely 
separated, e very small and situated just behind c, and f very broad, those of 
the two sides meeting in the middle line and forming a broad dark patch near 
the posterior border of the frons-clypeus. Laterally 1 and m are somewhat 
confluent and continue downwards, as a broad dark band, to the strong 
apodeme on the ventral surface of the head. Besides the two circular spots 
found in larvae of other species, there is a dark spot below and another above! 
the eye-spots; the eyebrow is faint or absent. The thinly chitinised area in the 
ventral wall of the head does not extend very much beyond the dark apodemes 
in the posterior border. 

Antennae (Fig. 6): 4-segmented, two basal segments thinly chitinised and 
colourless as in S. hirtipes. First segment is about twice as long as broad, 
2nd about twice the length of Ist, 3rd about equal to the Ist, the 4th minute. 
The two stumpy processes at the distal end of 2nd segment are not strongly 
chitinised and are relatively colourless (unlike those in S. hirtipes, in which 
they are almost black). 

Cephalic fans (Fig. 5) have 25-30 filaments which are comparatively much 
broader than in the other species. Fringe of setae along ventral border of 
filaments consisting of very closely set setae, which increase in length and 
breadth gradually toward the distal end of the filament. Ventrally the spirally 
arranged elongated setae are much flattened and are placed much more exter- 
nally. Besides these, instead of the S-shaped row of plumose setae found ven- 
trally in other species, many simple setae occur irregularly arranged in a group. 

All the mouth-parts are strongly chitinised. Mandibles (Fig. 7): of the three 
teeth in row s.t, the proximal is very strong and elongated, while the other 
two are exceptionally small, in some appearing as two nodules in a wide gap. 
Row 6.t has 10-11 long teeth and behind them are a number of other smaller 
teeth in two or three rows, somewhat continuous with two small teeth of 
row s.t. Processes t.p are very broad with the distal edge of each produced 

1 The spot above the eyes indicates the origin of a small muscle attached to the anterior 


region of the pharynx. This muscle is extremely small in the larvae of other species and has not 
been mentioned in the description of S. nélleri (Puri, 1925). 
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into 4-6 pointed processes. Bristles forming the tuft ¢.b, behind the terminal 
teeth, are short as in S. hirtipes. Mazillae as in S. hirtipes. Submentum 
(Figs. 8 and 9): very dark; teeth of the same general type as in S. hirtipes. 





Simulium ferruginum Wahl. Larva. 
Fig. 4. Portion of head-capsule showing head markings. 
Fig. 5. A filament from right cephalic fan. x 100. 
Fig. 6. Right antenna. x 100. 
Fig. 7. End of right mandible from ventral side. x 295. 
Fig. 8. Dorsal view of submentum. x 100. 
Fig. 9. Distal end of submentum (dorsal view). x 295. 
a-f,l and m, groups of discs; b.t, bristle-like teeth; s.t, three light coloured teeth; ¢, termina 
teeth; t.b, tuft of bristle; t.p, teeth-like processes. 


Has the usual nine teeth in the front row; the median tooth long and trifid, 
the end tooth on each side is also very long and has internally a small tooth 
near its base. Of the remaining three teeth on each side of the median tooth, 
the outer ones are bifid and much larger than the third which is very small and 
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simple. Unlike what is seen in the submentum of S. hirtipes, these outer teeth 
are much smaller than the end tooth. The lamellar projections of the ventral 
wall of the head below the row of teeth have a markedly serrated edge, 
especially in the region of the 2nd and 3rd teeth from each end. In some 
specimens the lateral border of the submentum behind the front row of teeth 
is produced into spinous projections besides the usual serrations found in other 
species. Ventrally there is a row of 3-5 hairs on each side. 

The triangular plates on the thoracic proleg, found in other species, are not 
very clear. Rectal gills: three, simple. Ventral papillae absent at the posterior 
end. Posterior sucker with about 100 rows of hooks, each row consisting of 
about 12 hooks. 

INTERNAL ANATOMY. 

Digestive System: Gastric or Mesenteric Caeca absent. The malpighian tubes 
on each side arise at points that are quite apart and not close together as in 
other species. 

Nervous System: Contrary to what is seen in other species, the last three 
abdominal ganglia of the central nerve cord are widely separated and not fused 
together into one compound ganglion. The connectives between the three 
ganglia are, however, shorter than between the anterior ganglia. 

Respiratory System: There are ten pairs of clearly visible closed spiracles 
—two thoracic and eight abdominal. The 8th abdominal pair lies in the last 
segment, being situated somewhat dorsally and not in line with the other 
spiracles. 

Pupa. 

There is no fully-formed pupa or a cocoon in the collection. However, one 
larva shows very poorly developed pupal respiratory filaments on each side 
of the thorax. On dissecting these out, it is seen that 110-120 filaments are 
given off irregularly on all sides from a long central stalk. The arrangement 
of the filament appears very much like that found in the pupae of Austro- 
simulium (Tonnoir, 1925), but the development of pupal filaments dissected 
out has not advanced far enough to enable me to say with any certainty as 
to how far the two resemble each other. It is possible that as development 
proceeds the central stalk may resolve itself into the bases of a number of 
branching respiratory filaments. 


Acknowledgement: I wish to express my indebtedness to Mr F. W. Edwards 
for the loan of the material from which the above study has been made. 
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ON A NEW TREMATODE TREMIORCHIS RANARUM 
NOV.GEN., NOV.SPEC., FROM THE COMMON INDIAN 
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1. INTRODUCTION AND Hasits. 


TREMIORCHIS RANARUM NOV.gen., nov.sp., was first found in the small 
intestine and duodenum of thirty-six out of one hundred and two specimens of 
Rana tigrina examined for the purpose. Subsequently many more frogs have 
been examined and we have obtained these parasites in one out of every three 
frogs. Rana tigrina being the commonest species of frog available in Northern 
India is used as the type for dissection in every laboratory and it appears, 
therefore, strange that this common Trematode parasite should have remained 
unknown till now. The number of parasites in a host is very variable. Three 
hosts were found infected with one parasite each, one had 4, one had 5, one 
16, one 18, one 196 and one as many as 204. 

The distomes are attached to the wall of the intestine by the ventral 
sucker but get easily detached when the intestine is opened. In water or salt 
solution in a watch glass they move either by means of their suckers and spines 
with which they attach themselves to the substratum and push the body 
forwards, or they float about by contracting or twisting their sides and other 
portions of the body. In the intestine of the host also, when it is slightly 
opened they have been observed to move by their suckers and spines as 
mentioned above. 

Various methods were tried to keep them alive for some time outside the 
host. The measure of success attending these methods can be gathered from 
Table I given on p. 169. 

In summer they could not survive in similar solutions for more than 
48 hours. It 1s interesting to note in this connection that a distomum belonging 
to the family Pleurogenetinae which will be described in a subsequent paper 
lived for 11 days in a mixture of albumen and salt solution. From the above 
data it would be clear that the parasites can live on fluid food mainly of 
proteid composition for a number of days outside the body of the host. 
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Table I. 
Mixture of 
3 c.c. yolk, 
Mixture of 4 c.c. Mixture of 3 c.c. white of 
05% white of egg and 3c.c. yolk and egg and 2 c.c. 
0-5%salt sugar White 2c.c.0f 05% Yolk 2c.c.0°5 % 0-5 % salt 
solution solution of egg salt solution of egg salt solution solution 
No. of Tre- 6 4 4 4 4 4 4 
matodes , 
No. of days 30hrs.and 24hrs. 3days Onedied onthe 36hrs. All died after 48 hrs. : 
Trematodes two _ for 3rd day, one on 54 hours ex- 
lived 92 hrs. the 4th day cept one 
and two lived which died 
for 6 days at the end 


of 4 days 


These observations were made in winter at the laboratory temperature 
(69° F.). 

As regards their systematic position the distomes belong no doubt to the 
family Leptodermatidae Odhner, syn. Plagiorchiidae Liihe and sub-family 
Leptodermatinae, syn. Plagiorchiinae. The new genus T'remiorchis to which 
they are assigned is allied to genera Leptoderma Looss syn. Plagiorchis Liihe, 
Astiotrema Looss and Haplometroides Odhner. It also connects the above 
mentioned genera with the sub-family Brachycoeliinae which it resembles (a) in 
the small size of the intestinal caeca which, as in Brachycoelum, do not extend 
behind the ventral sucker of the body, (5) in the close situation of both the testes, 
which in Brachycoeliinae are placed symmetrically at the same level; here they 
lie one behind the other. The condition of the excretory bladder which is 
cylindrical with two small anterior rudimentary lobes is very nearly like that 
in Brachycoelum salamandrae (Frolisch) (= Distomum crossiocolle Rudolpht) 
the culminating point having been reached in Margeana californiensis Cort 
in which the anterior lobes are completely eliminated. In Haplometra cylin- 
dracea Zedar also the two anterior lobes are small as in Tremiorchis. 

The excretory system here is of “2-6-3” type as in other members of the 
family Leptodermatidae. 

The seminal receptacle is well developed in Tremiorchis as in Brachy- 
coeliinae and a great majority of Leptodermatidae. The Laurer’s canal which 
is here very long opens into the seminal receptacle and not directly into the 
oviduct as is usually the case. 








2. EXTERNAL CHARACTERS. 


Tremiorchis ranarum is a small distome measuring 4-5-6 mm. in length 
when alive. The smallest sexually mature individual, which had a length 
of 3-8 mm., contained a large number of eggs in the coils of its uterus. The 
length in permanent mounts varies from 2-5-5 mm. Figs. 1 and 2 show 
the size and shape of the body of a mature specimen. The body has consider- 
able powers of extension and contraction. The measurements of the length | 
and breadth of the living specimens are shown in Table IT. 
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Table II. 


Width of the region 
half-way between the 


Length of the posterior testes and Width of the region 
individual hinder end of the containing the ventral 
in mm. body in mm. sucker in mm. 
4:4 0:7 1-2 
4:48 0-84 1-2 
4-56 0-82 1-3 
5-08 0-86 1-32 
5-06 0-9 1-2 
4-08 0-06 1-18 
3°8 0-7 0-96 


The colour is white grey. The whole body except the posterior fifth 
is densely covered with small chitinous spines of a triangular shape, as seen 
in Fig. 1. 

The spines are closely set in longitudinal rows which encircle the whole 
body. They are of small size but they can be easily seen with the low power 
of the microscope. In the region of the testes their number decreases and so 
the body here is not so closely studied with them as in front. In a mature 
specimen the posterior fifth of the body is entirely free from them, while in 
an immature one they cover densely the whole body. Their absence in the 
posterior portion of the body in mature specimens may be explained to be 
due to the very great proportional growth of the post-acetabular region as, 
Cort has suggested in Margeana californiensis. 

The oral and ventral suckers are nearly spherical in outline. The ventral 
sucker is distinctly larger than the oral and this feature distinguishes this 
genus from Plagiorchis, Astiotrema, Haplometra and Haplometroides in which 
the ventral sucker is always somewhat smaller than the oral sucker. The 
comparative diameters of the two suckers in the living specimens are given 
in Table III. 

Table III. 


Diameter of oral Diameter of ventral 
sucker in mm. sucker in mm. 

0-34 0-38 

0-32 0-4 

0-32 0-4 

0-3 0-4 

6-3 0-42 

0-28 0-4 

0-3 0-4 


Table IV gives the diameter of suckers in mounted specimens. 


Table IV. 
Ventral sucker Orai sucker 
Length in mm. Length in mm. 
0-26 0-22 
0-3 0-22 
0-26 0-2 
0-2 0-16 
0-38 0-26 
0-28 0:26 
0-26 0-2 
0-38 0-23 
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From the above tables it will be seen that the ratio in the size of the oral 
sucker to the ventral sucker is about 3 : 4. 

The oral sucker lies at the anterior end of the body directed towards the 
ventral surface. The spines in its neighbourhood are longer and more densely 
crowded than in other parts of the body. The ventral sucker is situated at 
about one-third the distance from the anterior end of the body. The following 
measurements of the length of the body in front and. behind this sucker 
indicate its position. 


Table V. 
Length in front of | Length behind the 
the ventral sucker ventral sucker 
Specimen in mm. in mm. 
1 1-44 33 
3 l- 3 
3 1-2 3°34 
4 1-2 2-9 
5 1-1 2-46 


The genital opening lies closely in front of the ventral sucker, and contains 
both the male and female apertures lying side by side. The genital atrium is 
absent. The opening of the excretory bladder lies a little in front of the 
posterior end of the body on the ventral surface. When the animal is about 
to die or when it is fixed, the excretory matter is discharged through the 
excretory aperture which is then more or less open. 

The opening of the Laurer’s canal is too small to be seen in entire specimens, 
whether living or fixed, but can be clearly made out in sections. 


3. INTERNAL ANATOMY. 


Alimentary System. The mouth is subterminal and lies at the bottom of 
the oral sucker. It opens into a very small thin-walled prepharynx, which is 
followed by a thick-walled pharnyx of the usual appearance. The muscular 
pharynx is more or less spherical and measures 0-12-0-18 mm. in diameter. 
It leads into a narrow tube-like oesophagus 0-4 mm. in length (Fig. 2). 
The oesophagus is here long and thus differs from that of Plagiorchis 
where it is very small or absent. It resembles, however, that of Haplo- 
metra and Astiotrema in which also it is of a moderately large size. It 
continues into the intestine which at once bifurcates in front of the ventral 
sucker into two intestinal caeca, each of which is more than twice as broad 
as the oesophagus. The intestinal caeca reach just behind the front margin 
of the anterior testis and never extend beyond the middle of the body. In 
immature specimens, however, they may extend as far back as two-thirds of 
the length of the body. 

Reproductive System. The reproductive organs except the coils of the 
uterus and the posterior testis lie in the anterior half of the body (Fig. 2). 
The testes are subspherical or ovoid. Both are almost of the same size, the 
posterior one being sometimes larger. The left testis lies anteriorly about the 
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middle of the body; it is situated more in the anterior half of the body than 
in the posterior half. It lies 0-76-1-1 mm. behind the ventral sucker. The right 
testis is situated a little behind the left one, 7.e. 0-04—-0-1 mm. behind. The 
position of the two testes one behind the other is a characteristic feature of 
all the genera of the sub-family Leptodermatinae. The space between the 
two testes is so narrow that it only contains the ingoing and outgoing tubes 
of the uterus as seen in Fig. 2. Even in immature specimens the testes lie 
one behind the other, never lying at the same level as in the Brachycoeliinae. 
The vasa efferentia arise from the anterior surface of the testes; they are 
narrow tubes of great length, which run forwards independently right up to 
the base of the cirrus sac, where they unite to form a very small, rather 
inconspicuous vas deferens opening into the seminal vesicle in front (Fig. 3). 
The cirrus sac is large and has thick muscular walls. It lies on the left, seldom 
on the right side of the ventral sucker, with a characteristic curved appearance, 
the concave side being towards the ventral sucker. It extends a little in front 
of the ventral sucker and gradually narrows towards the anterior end. Its 
width is much less than the diameter of the ventral sucker and its length a 
little more than four times its width. 

The vesicula seminalis is an elongated chamber 0-14—0-22 mm. in length, 
is full of sperms and occupies about one-third of the length of the cirrus sac. 
Its width is about one-seventh of its length, hence it is much narrower than 
that in Plagiorchis and Haplometra. Its epithelium is composed of very 
narrow rather inconspicuous cells except in its distal portion near the pars- 
prostatica where the cells are enlarged probably due to the inwardly flowing 
prostatic secretion. The epithelium is surrounded by a layer of longitudinal 
muscle fibres with a coat of circular fibres outside. The vesicula seminalis is 
followed by a small prostatic region, “the pars-prostatica’” of German 
authors, which is merely a narrow continuation of the seminal vesicle 0-06 mm. 
in breadth. Its epithelial cells (Figs. 3 and 4) with indistinct walls are enlarged 
towards the lumen so that those of the opposite walls come near one another, 
more or less filling a great portion of the lumen of the duct. The nuclei very 





LEGENDS TO TEXT-FIGURES 1—4. 


Fig. 1. Ventral view, showing arrangement of spines: 0.s., oral sucker; sp. spines; v.s., ventral 
sucker. 

Fig. 2. Dorsal view: c., cirrus; c.s., cirrus sac; ¢c.u., coils of uterus; g.o., common genital opening; 
i.c., intestinal caecum; L.4t., left testis; oes., oesophagus; o.s., oral sucker; ov., ovary; ph., 
pharynx; p.p., pars-prostatica; r.t., right testis; s.v., seminal vesicle; ¢.v.d., transverse 
vitelline duct; vit., vitellaria; v.s., ventral sucker. 

Fig. 3. Diagrammatic view of cirrus and terminal portion of uterus as seen from the dorsal side: 
¢., cirrus; ¢.8., cirrus sac; f.o., female opening; m.o., male opening; n., nuclei; p.g., prostate 
gland; p.p., pars-prostatica; s.v., seminal vesicle; u., uterus; v.d., vas deferens; v.s., ventral 
sucker. : 

Fig. 4. Cirrus sac and its contained parts as seen in sections 5u thick: c.m., circular muscle fibre 

bands; /.m., longitudinal muscle fibre bands; n., nuclei; p.g., prostate gland ceils; v.s., ventral 

sucker, 
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Figs. 1-4. Tremiorchis ranarum n.sp. 
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small in size, as compared with the size of the cells, lie near the base. The 
enlarged appearance of the cells is obviously due to the secretion of the 
prostate gland cells which accumulates and is discharged through them into 
the lumen. It is a remarkable fact that the appearance and relation of the 
prostate gland cells to “the pars-prostatica” corresponds closely to that of 
the prostate gland cells and the atrium in the microdrili such as the Naididae. 
The epithelium is surrounded by circularly arranged bands of muscle fibres 
as in the cirrus to be described below. 

The prostate gland cells (Fig. 3) surround nearly the whole of the vas 
efferent apparatus, 7.c. the seminal vesicle, pars-prostatica and nearly the 
whole of the cirrus except its small distal portion. They have a small size 
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Fig. 5. Tremiorchis ranarum n.sp. 


Fig. 5. Diagrammatic view of female sexual organs: L.c., Laurer’s canal; /.a.v.d., left anterior 
vitelline duct; l.p.v.d., left posterior vitelline duct; 0., ova; ov., ovary; 8.g., shell gland; 
8.7., seminal receptacle; t.v.d., transverse vitelline duct; u., uterus; v.r., vitelline reservoir. 


and a more or less pear-shaped appearance and occupy all the space between 
the efferent tube and the walls of the cirrus sac. The cells have a granular 
cytoplasm which is slightly basophil. Their narrow inner ends penetrating in 
between the muscular walls discharge their secretion into the epithelial cells 
of the pars-prostatica and the distal portion of the seminal vesicle. 

The cirrus is a thick-walled tube and together with the pars-prostatica 
forms almost double the length of the seminal vesicle; it occupies nearly two- 
thirds of the length of the cirrus sac. The muscular wall outside is also thicker 
than that of the latter, the fibres being arranged in circular bands with narrow 
uncovered spaces of the epithelium in between. The opening of the cirrus lies 
on the left side of the female pore, the genital opening lying just in front of 
the ventral sucker (Figs. 2 and 3). 

The ovary is rounded in outline; it is 0-22-0-34 mm. in diameter, i.e. about 
three-fourths the diameter of the anterior testis. It is situated behind the 
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ventral sucker nearer the left side; occasionally it may be more on the right 
side. The relations of the female ducts are shown in Fig. 5. The oviduct 
arises from the inner margin of the ovary near its posterior end; it runs only 
a short distance where it is joined by the Laurer’s canal. The seminal re- 
ceptacle itself does not open separately into the oviduct but is merely a dilated 
part of the Laurer’s canal near its junction with the oviduct. The Laurer’s 
: canal except its terminal small portion and the seminal receptacle are lined 
internally with a ciliated epithelium, the long cilia of which move constantly 
outwards towards the opening of the Laurer’s canal. The anterior part of 
the duct, by which the seminal receptacle joins the oviduct is small, while 
the main part, 7.e. the one posterior to the seminal receptacle, is very long and 
slightly convoluted and runs posteriorly and dorsally between the two testes 
to open on the dorsal surface of the body. The terminal part near the opening 
is lined with a thin layer of cuticle similar to that which covers the body wall. 
The Laurer’s canal (Fig.7, B) after its junction with the oviduct opens into 
the seminal receptacle on its ventral margin and then arises dorsally from its 
posterior surface to continue its outward course. The small duct by which 
the seminal receptacle opens into the oviduct in Plagiorchis and Haplometra 
is so to say absent here or it may really be considered as the anterior part of 
the Laurer’s canal. It is remarkable that in these distomes the Laurer’s canal 
does not join the oviduct separately from the duct of the seminal receptacle, 
a peculiar feature in which this species differs from all the other species of 
the family. This condition may be explained as due to the coming together of 
the openings of the Laurer’s canal and seminal receptacle and their subsequent 
fusion, so that both the structures open into the oviduct by only one opening. 

The oviduct further receives the common vitelline duct from the more or 
less prominent vitelline reservoir before it enters the small ootype (Mehli’s 
gland). The uterus runs backward ventrally between the testes, behind which 
it forms a large convoluted mass occupying completely the posterior half of 
the body (Fig. 2). Its outgoing part passes forwards in between the testes 
dorsally to continue its course towards the genital opening. One can distinguish 
easily the proximal ingoing and the terminal outgoing parts by the difference 
in colour of the shell of the contained ova. Near its outer opening it first runs 
parallel to the concave side and then below the ventral side of the cirrus sac, 
in front of which it opens separately in the genital opening. The muscular 
terminal part, the vagina (metraterm) is absent. The ova are oval in shape 
and 30-40u by 16-20u in size. Their colour is white in the ingoing part and 
brownish in the outgoing part. The uterus in its course is very similar to that 
in Plagiorchis (Leptoderma) or Margeana. 

The vitellaria (Fig. 2) are composed of small somewhat triangular follicles 
arranged in groups in a more or less star-shaped manner. They lie all along 
the length of the intestinal caecum of each side from the point of bifurcation 
to its posterior end, but are confined to the dorsal and ventral surfaces of 
the body. The anterior and posterior longitudinal ducts join to form a trans- 
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Figs. 6-9. Tremiorchis ranarum n.sp. 

Fig. 6. Ootype as seen in 5yu thick sections: n., nucleus; of., ootype; ov., ovary; p., parenchyma; 
8.g., Shell gland. 

Fig. 7. Relation of Laurer’s canal with seminal receptacle shown diagrammatically: A. and B., 
Tremiorchis ranarum; C., Margeana californiensis; L.c., Laurer’s canal; od., oviduct; ot., 
ootype; 8.7., seminal receptacle; v.r., vitelline reservoir. 

Fig. 8. Diagrammatic view of the excretory system in T'remiorchis ranarum: bl., bladder; e.p., 
excretory pore; l.a.ct., left anterior collecting tube; l.p.ct., left posterior collecting tube; 
(1, 2, 3), three accessory collecting tubes. 

Fig. 9. Section 5u thick showing opening of Laurer’s canal: cu., cuticle; l.c., Laurer’s canal 

o.Lc., opening of Laurer’s canal; p., parenchyma; r.s., seminal receptacle. 
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verse duct on each side a little behind the cirrus sac and the ovary. The two 
transverse ducts, as their name indicates, run transversely and join together 
to enter the small but prominent vitelline reservoir referred to before (Figs. 
2 and 5). 

Excretory System. The excretory system was mainly studied in the living 
specimens. The bladder, the common collecting tubes and a set of anterior 
accessory collecting tubes were also examined in permanent mounts. The 
excretory pore lies on the ventral surface near the hinder end of the body. 
From it the muscular club-shaped bladder extends forwards beyond the testes, 
reaching very nearly to the hinder end of the seminal receptacle. The bladder 
occupies nearly half the length of the body. Its anterior end is slightly dilated 
and produced into two very small pockets, each of which receives a common 
collecting tube which runs diagonally outwards and receives the anterior and 
posterior collecting tubes at about the level of the ventral sucker. 

The distribution of the excretory tubes is shown in Fig. 8. Each of the 
anterior and posterior collecting tubes receives three accessory collecting 
tubes (1, 2, 3) each of which again is supplied by three capillaries except the 
most anterior one, which receives only two capillaries. The position and 
arrangement of the capillaries are shown in the figure. In each capillary 
group the accessory collecting tube divides into two branches, one of which 
forms directly the capillary itself and the other further subdivides into two 
capillaries. The flame cells were not observed. The paired capillaries go to 
one surface of the body and the unpaired to the other. The filling and con- 
traction of the bladder takes place in the same way as described in Margeana 
californiensis by W. W. Cort(2). The formula for the excretory system is also the 
same as in the above-mentioned species, i.e. “2 x 6 x 3” = 36. 

The excretory system corresponds closely to that of Haplometra cylindracea 
as described by Looss(6) in which the bladder also divides into two lobes at 
the anterior end; but it differs from it in the position of the junction of the 
anterior and posterior collecting tubes, which instead of being at about the 
middle of the body as in Haplometra lies at the posterior limit of the anterior 
third part of the body. In this last point it, however, resembles Margeana 
californiensis (2). 

This difference brings the correspondence in position of the excretory 
tubes closer to that of Margeana californiensis. But this, however, seems to 
be a secondary condition probably due to the differences in the length of the 
post-acetabular region, as Cort(2) points out in M. californiensis. There is no 
doubt that Haplometra cylindracea is closely related to Tremiorchis in its 
excretory system, which is more primitive than that of M. californiensis on 
account of the bladder being bilobed at the anterior end, and from which by 
complete elimination of the anterior lobes the cylindrical club-shaped bladder 
of the latter would be produced. In Brachycoelum salamandrae also the bladder 
has very small pockets at the anterior end, thus closely resembling that of 
Tremiorchis ranarum. 
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4. DiaGnostic CHARACTERS AND SYSTEMATIC PosITION. 


Tremiorchis ranarum belongs to the family Plagiorchiidae. Liihe, syn. 
Leptodermatidae Odhner. We consider that it should be included with the 
genera Leptoderma syn. Plagiorchis Liithe, Haplometra, Haplometroides and 
Astiotrema in the sub-family Plagiorchiinae, which we sharply separate from 
the genera forming the sub-family Brachycoeliinae Odhner. As discussed by 
Cort(2) the sub-family Brachycoeliinae should be separated from the family 
Dicrocoeliidae and placed in the family Plagiorchiidae; this becomes clear by 
the close relationship which Tremiorchis bears to the genera Brachycoelum 
and Margeana. The position of Brachycoeliinae in the Dicrocoeliidae therefore 
is unnatur: 

The distinguishing characters of Tremiorchis are as follows: ventral sucker 
distinctly larger than the oral sucker; digestive system with small prepharynx 
and moderately long oesophagus; intestinal caeca extending nearly to the 
middle of the body; excretory system of ‘‘2-6-3” type with the main club- 
shaped excretory bladder having two rudimentary anterior lobes. Genital 
opening lying behind the intestinal bifurcation closely in front of the ventral 
sucker. Testes rounded or somewhat ovoid lying one on each side; the right 
closely behind the left one. The ovary lies at about the posterior limit of the 
anterior third of the body behind the ventral sucker on left or right side. 
The vitellaria extend from behind the intestinal bifurcation to the posterior 
limit of the intestinal caecum or to the anterior margin of the anterior testis. 
Uterus very much convoluted occupies the posterior half of the body with 
its ingoing and outgoing portions passing between the testes. A large recepta- 
culum seminis with long Laurer’s canal arising from it. Cirrus sac curved like 
a half moon lies on the left side of the ventral sucker. Vesicula seminalis is 
narrow and occupies only one-third of the cirrus sac. 

Tremiorchis is remarkable in having a ventral sucker somewhat larger than 
the oral sucker, while in Plagiorchis, Haplometra, Haplometroides, Astiotrema, 
Margeana and Brachycoelum, i.e. the genera included in the sub-families 
Plagiorchiinae and Brachycoeliinae, the oral sucker is somewhat larger than 
the ventral sucker. 

The diagnostic characters of the genera belonging to the sub-family 
Plagiorchiinae are shown in Table VI. The various parts of the “ vas efferent” 
apparatus differ in matters of details in the various genera and are not 
mentioned in the table. The Laurer’s canal is present in all, but its length 
varies—being very long in Tremiorchis and Astiotrema. 

As will be seen from Table VI, it is clear that there is a close relationship 
amongst the various genera included in this sub-family. The essential point in 
which Tremiorchis ranarum differs from all the other genera is in the size of 
the ventral sucker, which is larger than the oral one. It also differs in the shape of 
the excretory bladder, which is mainly cylindrical, and intestinal caeca, vitel- 
laria and seminal vesicle. It appears that all the four genera, i.e. Plagiorchis, 
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Astiotrema, Haplometra and Haplometroides resemble one another in essential 
features and may therefore be considered as separate species belonging 
to the same genus rather than as separate genera by themselves. On 
account of the differences in shape and size of the body and of the genital 
organs some of which are not mentioned in the table we, however, prefer to 
consider them as separate genera as known at present. 

The form of the excretory bladder in Tremiorchis has been already 
described in connection with the account of the excretory system. The point 
worth noting is that it is almost cylindrical, the two anterior lobes being very 
rudimentary. It seems to be derived from that of Haplometra, where the 
anterior lobes though small are more prominent. The excretory bladder of 
Margeana californiensis can be derived from that of Tremiorchis, by the 
elimination of the rudimentary anterior lobes. 

The affinities shown by Tremiorchis to the two genera Brachycoelum and 
Margeana which form the sub-family Brachycoeliinae as amended by Odhner(s) 
and Cort(2) are quite close as the following characters show: 

(1) ‘‘2-6-3” excretory system. Excretory bladder based on the same 
plan. In Brachycoelum it has two small anterior pockets, but in Margeana it 
is cylindrical without the two anterior lobes. 

(2) Vitellaria do not extend behind the middle of the body. 

(3) Oesophagus is moderately long in Brachycoelum and Tremiorchis, but it 
is almost absent in Margeana. Intestinal caeca in Bracycoelum are very small, 
not extending beyond the ventral sucker. They are hence smaller than those 
in Tremiorchis, but in Margeana they are very long. extending at least four- 
fifths of the length of the body from the anterior end. 

(4) The relative distance between the oral and ventral suckers is nearly 
the same in both, and so is the distance from the intestinal fork to the ventral 
sucker. 

(5) The genital organs are built on the same fundamental plan in both. 
Tremiorchis agrees with Brachycoelum in the position of the genital organs 
except that the posterior testis lies behind the middle of the body ; the posterior 
half is filled with the coils of the uterus in both. The position and relations 
of ducts of the ovary and testes also agree closely. Cirrus sac in both lies at 
the side and partly in front of the ventral sucker; it contains a seminal vesicle, 
short prostatic region and a cirrus. Laurer’s canal and seminal receptacle are 
also present. 

(6) The presence of spines, and similar shape of ova in both. 

(7) The hosts belong to the same class of vertebrates, i.e. Amphibia, and 
the habitat is the small intestine. 

The chief points of difference between Tremiorchis and the Brachycoeliinae 
are the following: 

(1) The testes in the Brachycoeliinae are situated at the same level, and 
not one in front of the other, this being a clear Brachycoeliinae character. 
(2) The ventral sucker is larger than the oral in T'remiorchis. 
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(3) Seminal receptacle and Laurer’s canal open separately into the 
oviduct in the Brachycoeliinae, but in Tremiorchis Laurer’s canal opens into 
the seminal receptacle and is not connected directly with the oviduct. The 
seminal receptacle and Laurer’s canal in the Brachycoeliinae are smaller than 
those in T'remiorchis. 

4) Differences in the length of the intestinal caeca as well as in the form 
of the excretory bladder have been mentioned above. 

(5) In Tremiorchis the beginning of the uterus does not curve forward for 
a short distance and then turn as in Margeana. 

(6) Vesicula seminalis is smaller in Tremiorchis. It is not sharply defined 
from the rest of the efferent duct nor is it divided into two parts as in Margeana. 
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A CILIATE, BUXTONELLA SULCATA N.G., N.SP., 
FROM THE CAECUM OF CATTLE. 


By A. PRINGLE JAMESON. 
(Institute of Animal Pathology, Cambridge.) 
(With 6 Text-figures.) 


A CILIATE, which seems to be new, has recently been discovered in the caecum 
of cattle in Cambridge. Out of 8 cattle examined 5 were found to be heavily 
infected, while in 10 sheep and 4 goats there was no infection. I have given the 
name Buztonella to the new genus that has had to be established, as it was 
through the kindness of Prof. Buxton, Director of this Institute, that I 
obtained the material in which it was first found. The specific name refers to 
the grooved ridge or furrow which forms the most conspicuous feature of this 
species. 

When seen in fresh material Buztonella sulcata seems to resemble members 
of the family Isotrichidae, but there are certain outstanding features which 
differentiate it markedly from any already-described genus. The whoie surface 
of the body is densely covered with cilia of a medium length—these are only 
diagrammatically indicated on Figs. 1 and 2. Movement is slow and of the usual 
ciliate type. During progression the mouth end is most frequently the posterior 
end. The shape of the body is a long oval, sometimes rather wider in the 
anterior half so that it may be distinctly egg-shaped. It is not compressed in 
any way, Although there is a tendency for it to be slightly flattened on the 
ventral side (Fig. 1). The size ranges from 54-66 x 40 to 124 x 72y. The 
build of the body is stiff and stocky. The endoplasm is very granular and dark 
in colour; it is surrounded by a much less granular ectoplasm which is enclosed 
by a stout pellicle. This is faintly striated by low longitudinal ridges set closely 
together and only visible under favourable conditions. At times the ectoplasm 
forms a slightly thickened posterior cap. 

The most prominent character is what appears to be a ridge running in 
a wide-sweeping curve from one end of the body to the other. This is really 
a double ridge with a groove of varying width running down the middle. 
Tracing this structure from the posterior end, it is seen to arise as two very 
slight cuticular ridges, whose points of origin are some little distance apart 
but which converge very rapidly until they come close together, when they 
turn anteriorly and run forward parallel to one another (Fig. 2). At this 
point their elevation has become sufficient to make them prominent and their 
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course, curving across the left side, is easily followed. In the anterior part of 
the body they pass on to the dorsal surface, and as they near the front end they 
begin to diverge from each other. They pass over the anterior end slightly to 
the right of the middle line and are continued a short distance on to the ventral 
surface (Fig. 1). As they curve over the anterior end the two ridges are farthest 
apart. Immediately they pass on to the ventral surface they begin to converge, 
becoming united to form a horse-shoe-shaped parapet, which surrounds the 
buccal area. The two ridges are thus in reality one long ridge, commencing at 
the posterior end, running to the anterior end, where it becomes bent on itself, 
and then running back to the posterior end more or less parallel to the other 
limb of the loop. The loop which is formed in this way is open posteriorly 
where the ridge is low and the ends divergent, and closed anteriorly where the 
ridge is at its highest. The mouth lies in the area enclosed by the anterior 
horse-shoe-shaped section of the ridge. This space is roughly lanceolate, the 
more pointed end being directed dorsally. The mouth opening occupies a 
considerable part of this area and like the area is pear-shaped. The mouth is 
in this way closely connected with the ridge and it seems almost certain that 
the two work in conjunction, the ridge forming a groove which conducts food 
particles to the mouth. When we remember that the aboral end, where the 
ridge opens, is the front end in locomotion, the function of the structure seems 
obvious. On the left ventral side, slightly posterior to the level of the mouth 
there is a curious indentation (Figs. 1 and 4) which at first sight looks very 
like the mouth, but which in reality does not open into the endoplasm. Viewed 
from different angles this structure has different and puzzling appearances, 
but despite its prominence in certain aspects it seems to have no obvious 
function. There is usually a large, somewhat flask-shaped vacuole connected 
with the mouth by a funnel-shaped gullet which forms the upper part of the 
neck of the flask. The formation of food-vacuoles from this primary vacuole 
was not observed as the protoplasm is so granular that details of the internal 
anatomy are difficult to observe in living animals. Usually two contractile 
vacuoles of a rather small size are found in the posterior half of the body, but 
this number is not constant, three or four being not uncommon. The rate of 
contraction is slow. 

Although the endoplasm is so opaque the macronucleus can frequently 
be made out in the living state because of its large size. It is usually bean- 
shaped, the globular micronucleus lying in or near the central depression. 
Not uncommonly the macronucleus is oval—and this is not to be explained 
as a bean-shaped form seen from the back—or in two separate rounded por- 
tions. These different forms can be linked together by a complete series of 
intermediate stages and, I believe, show a definite nuclear cycle. If the 
smallest forms of Buatonella, those from about 54 to 75y, are examined it 
will be found that the macronucleus is present as two separate round bodies, 
which in the very smallest individuals may be widely separated from one 
another, while in the larger forms the halves are usually touching. These stain 





184 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fig. 


ee 





Ciliate from Caecum of Cattle 








Seen from the right side, showing anterior end. 

Dorsal view, showing course of ridge. 

Right side of small form, showing two nuclear halves, 

Left side of small form, showing nuclear halves in contact. 

Left dorsal view of early division stage, showing “‘ bud.” 

Right side of late division stage, showing unequal size of daughter individuals. 
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rather lightly and within them, embedded in a granular matrix, are three or 
four more homogeneous, more deeply staining, small round or oval bodies 
(Figs. 3 and 4). In organisms of this type the micronucleus is a single, rather 
large spherical body, pale in colour and not constant in position, although it 
is most frequently found in contact with one or other of the macronuclear 
halves. The protoplasm takes stains lightly and the mouth area and the ridge 
are less elaborately developed than in larger specimens. In short there is an 
indefinable suggestion of immaturity about such forms, but I have been 
unable to fit them into a complete life-cycle. It seems improbable that they 
are the result of normal division; their size and the state of their macronucleus 
would speak against this, and indeed they cannot be linked up with the quite 
common division figures that are to be found in most preparations. It might 
be suggested that they are in some way connected with conjugation, but their 
presence in material that showed no signs of any sexual processes makes one 
unwilling to venture what can be at best a mere guess. In what may be called 
adult forms, those over 80 in length, two separate macronuclear masses may 
still be met with but they always lie in close contact, and far more common 
than this condition are numerous stages in which the two masses are obviously 
fusing together. The very typical bean-shaped forms are examples of this. In 
the later stages of fusion the nucleus stains more deeply and appears alto- 
gether granular, the homogeneous round bodies having disappeared. Finally 
the nuclear fusion is complete and a regular oval body results. At this stage 
nuclear division occurs. The micronucleus divides in the typical ciliate fashion 
and the macronucleus constricts into two. 

Division is not quite equal. Both micro- and macronucleus give rise to 
smaller anterior portions, the difference being, in some cases, very marked in 
the macronucleus—in an extreme case the anterior portion of the macro- 
nucleus measured only 13-33 x 11-6 while the posterior part measured 
44-664 x 12-66. The difference in size between the parts of the micronucleus 
is much less marked. An average size for a nucleus just before division is 
about 30u x 13, so that it will be seen that although the nucleus is greatly 
stretched in length during its division the anterior portion may not be as 
large as half the original nucleus. Apparently the hinder part increases greatly 
in length, whilst the front part, which is initially smaller, hardly does so. The 
division of the cytoplasm begins shortly after the initiation of nuclear division 
and is accompanied by a slight but progressive degeneration of the ridge 
especially in its posterior half. Before division has proceeded beyond its 
initial stages a bud-like outgrowth may be found developing about the middle 
of the body in the neighbourhood of the ridge on the left-dorsal side (Fig. 5). 
Posterior to this the ridge disappears, but as the bud grows indications of a 
new ridge are seen forming on it. As the division constriction deepens a mouth 
and buccal funnel are developed on the bud towards the tip and on the side 
next the main body. Finally the bud enlarges so that its bud-like origin is no 
longer discernible, and from it there has been formed the complete anterior 
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end of the posterior individual. During this process, which has added greatly 
to the size of the hinder half, little or no change has taken place in the front 
half except the continued shortening of the ridge (Fig. 6). At this stage the 
difference in size between the daughter individuals may be considerable; to 
give two examples: (1) anterior individual 65y = 48-5, posterior individual 
86-66 4 « 64-66; (2) anterior individual 77-33. x 66, posterior individual 
1104 x 72. In the final stages of division there appears to be an adjustment 
in size, the anterior individual approaching more nearly the body size of the 
posterior individual, but as long as the two are connected the nucleus of the 
anterior member is always smaller than the nucleus of the posterior. Before 
complete separation occurs the ridge is fully developed in both animals, so 
that as far as cytoplasmic structures are concerned the two are complete, 
although a certain amount of nuclear adjustment is necessary. During the 
whole process of division the two parts of the macronucleus remain connected 
and when the two individuals are joined by a mere strand this seems to be 
mainly nuclear membrane. While division into two was not uncommon con- 
jugation was not observed. 

Cysts, evidently of the protective variety, have been found. These are 
roundish oval in shape and from 80p to 100y in length by from 60 to 80u 
in breadth, including the wall which is about 2 thick. The surface is smooth. 

The relationships of Buztonella sulcata are clear. The ciliation, the thick 
cuticle, the form and position of the mouth, and the general form of the body 
all show it to be a member of the family Isotrichidae Biitschli; but the presence 
of the ridge and the peculiar indentation near the mouth coupled with the 
somewhat unusual features found during division and in the nuclear cycle 
give this animal a distinctive place within the family, calling for the creation 
of a new genus, The ridge to some slight extent suggests the groove found in 
the genus Colinella Chatton et Pérard, but otherwise the two genera have 
little in common. 


(MS. received for publication 30. 1. 1926.—Ed.) 
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NOTES UPON SIEBOLDIELLINA PLANARIARUM 
(SLEBOLD), A CILIATE PARASITE OF PLANARIA 
TORVA. 


By ANN BISHOP, M.Sc. 
(Hon. Research Fellow of the University of Manchester.) 


(With Plate VIII and 5 Text-figures.) 


SIEBOLDIELLINA PLAN ARIARUM is a large astomatous ciliate parasitic in the 
gut of the freshwater Triclad Planaria torva. The writer’s attention was first 
called to it at Cambridge in 1923 whilst demonstrating the structure of 
Planarians collected from ditches in the neighbourhood. 

Infection. The two species of freshwater Planarians commonly found in 
England, Polycelis nigra and Dendrocoelum lacteum and the less abundant 
species Planaria torva were all examined for Sieboldiellina; but the parasites 
were abundant in P. torva alone. Very rarely D. lactewm contained them. 
Approximately 70 per cent. of the P. torva were infected. Many infected 
P. torva contained only two or three parasites, but others contained a dozen 
or even more. The parasites usually lay in the blind ends of the caeca of the 
gut; but they were also found in large numbers in the main branches of the 
gut and just behind the proboscis. Infection of a P. torva cannot be diagnosed 
by any external characters of the animal. 

The infected Planaria seemed local in their distribution. Thus P. torva 
taken from one locality might be heavily infected whilst those taken from a 
ditch a short distance away might be almost entirely free from the parasite. 

Many very young specimens of Planaria torva were examined but no 
parasites were found in them. 

Methods. In order to obtain the S. planariarum from their host, a P. torva, 
the latter was teased up in a little pond water. The S. planariarum liberated 
from the torn gut swam out and would remain quite active for three or four 
hours if kept in a medium of teased up host and pond water. They died quickly 
if kept in tap water; and in 0-75 salt solution or Locke’s solution they rapidly 
underwent shrinkage and died. 

For whole preparations of the parasite the individuals were fixed in warm 
Schaudinn’s fixative or alcoholic Bouin’s fixative, and stained in Delafield’s 
haematoxylin or in alcoholic iron haematoxylin. 
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To obtain sections of the host with the parasite in situ, the P. torva were 
fixed in hot alcoholic Bouin’s solution. 

The sections were stained in Delafield’s haematoxylin or alcoholic or 
aqueous iron haematoxylin. 

Systematic position. The astomatous ciliate now called Sieboldiellina 
planariarum has undergone a number of changes in name. A list of its early 
synonyms is given by Cépéde (1910), who says that it was formerly called 
Haptophrya planariarum by Stein; but later he (Stein, 1860) changed its name 
to Discophrya planariarum. In his classification of the Ciliates, Stein (1867) 
used the name of Haptophrya with that of Discophrya in brackets. He gave 
no reason for these changes. Maupas (1879) placed the newly discovered 
parasite of Amphibia, Haptophrya gigantea, into the same genus as the Plan- 
arian parasite. Saville Kent (1882) adopted this classification, the genus 
Haptophrya containing the three species H. planariarum, H. gigantea and 
H. tritonis. Biitschli (1889, p. 1717, pl. 65, fig. 2), used the generic name of 
Discophrya but recognised only two species, D. gigantea and D. planariarum. 
He thought D. tritonis might be a Balantidium. 

In 1910 Cépéde classed Discophrya as a genus of the family Discophridae 
(Cépéde). This family contained four genera, Lachmannella, Steinella and 
Discophrya (D. planariarum), all three parasitic in Turbellarians, and a fourth 
genus, Haptophrya, whose two species, H. gigantea and H. tritonis, were both 
parasites of Amphibia. Cépéde therefore kept both the earlier generic names 
(Haptophrya and Discophrya) but assigned each to a separate genus, the points 
of difference in structure between the two genera being the presence of a neck 
in Discophrya and its absence in Haptophrya, and a difference in the ciliation 
of the sucker. 

Later Collin (1911 and 1912) pointed out that the generic name Discophrya 
was preoccupied, being given by Lachmann to an Acinetarian. He proposed 
therefore to call the Planarian parasite Sieboldiellina planariarum. For this 
reason, Cépéde, in a later paper (1923) changed the occupied name of the 
family Discophryidae to that of Haptophryidae, and he classed Sieboldiellina 
(Collin) as a genus of the subfamily Steinellinae. It is difficult to follow his 
reason for doing this because one of the diagnostic characters of the subfamily 
Steinellinae is the possession of two hooklets for fixation. S. planariarum has 
not any hooklets. However, I have compared the results obtained from my 
preparations with papers dealing with the structure and mode of division of 
Haptophrya gigantea and have found that Sieboldiellina differs in several 
characters from both Haptophrya and Steinella (see p. 193). This difference is, 
in my opinion, sufficient to justify the creation of a separate subfamily, the 
Sieboldiellinae, of which Sceboldiellina is at present the only genus and S. plan- 
ariarum the only species. This is a return to Cépéde’s earlier classification 
(1910) with the exception that the former name Discophrya is replaced by that 
of Sieboldiellina and that the former name of the family Discophryidae 
(Cépéde, 1910) is replaced by that of Haptophryidae (Cépéde, 1923). 
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The classification I now adopt is therefore: 
Family Haptophryidae (Cépéde, 1923) = Discophryidae (Cépéde, 1910). 
I. Subfamily Haptophryinae, two species, H. tritonis Certes, H. gigantea 
Maupas. 
II. Subfamily Lachmannellinae, Lachmannella recurva Cl. et Lach. 
III. Subfamily Steinellinae, Steinella uncinata Schultze. 
IV. Subfamily Sieboldiellinae, Sieboldiellina planariarum Siebold. 

Morphology. Sieboldiellina planariarum is a large elongated ciliate whose 
anterior end is enlarged to form a lobe which bears the sucker (Pl. VIII, 
figs. 1 and 2). The anterior lobe is separated from the rest of the body by a 
constriction which in some individuals is only slight but in others forms a 
definite neck. This neck can be bent so that the adhesive surface of the sucker 
can be directed to the so-called ventral side. 

The body is covered with long, fine cilia equal in length. They are arranged 
to formedefinite, though fairly closely set, longitudinal rows. Each cilium 
ends in a small basal granule placed immediately below the outer edge of the 
ectoplasm (PI. VIII, fig. 6). On the concave surface of the sucker and round its 
edge (Pl. VIII, figs. 3 and 5) the cilia are longer and stronger than those on 
the rest of the body. The ectoplasm is thick and not raised into ridges as in 
many ciliates. There are no myonemes or fibrils of any kind present in the 
ectoplasm. The endoplasm is vacuolated and finely granulated. 

The whole surface of the sucker and its edge are ciliated as Mosella and 
La Monica (1918) found in the sucker of Haptophrya gigantea. If a stained 
preparation of a whole S. planariarum is observed slightly from the side there 
appears to be a thick rim encircling the edge of the sucker. The study of 
sections proves, however, that this thick structure completely lines the depres- 
sion (Pl. VIII, fig. 5) of the sucker as well as its edge. This lining pad stains 
intensely with iron haematoxylin but only feebly with Delafield’s haemat- 
oxylin. I have not been able to distinguish the actual mode of insertion of 
the cilia on the depression of the sucker, but there is no sign that they pass 
through the pad or that their basal granules lie below it. The pad appears to 
be perfectly homogeneous and I believe that the basal granules are on its 
outer edge. 

In the majority of the sections there is a more vacuolated area of endo- 
plasm immediately below the sucker (Pl. VIII, fig. 5). Occasionally one 
particularly large vacuole is present amongst the smaller ones. Maupas (1879) 
found that in Haptophrya gigantea strands of sarcode were given off by the 
internal walls of the sucker and extended to the dorsal body wall to which 
they were attached. He believed that they assured the functioning of the 
sucker. Cépéde (1910) gave a similar description and figured the strands, 
naming them myonemes. Cohn (1904) and Galati-Mosella and La Monica 
(1918) refer to these strands, but do not term them myonemes. 

In preparations of Sieboldiellina planariarum I have found no protoplasmic 
strands below the sucker, with the exception of those forming the walls of 
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the large vacuoles underlying the sucker (Pl. VIII, fig. 5). These strands 
appear to differ in no way from the walls of normal endoplasmic vacuoles, 
except that they are more pronounced because the vacuoles in this region are 
so big. Certainly they bore no resemblance to contractile elements of other 
ciliates and there is no evidence that they are contractile in this species. 

That the sucker is capable of exerting quite a definite adhesive action was 
shown by individuals attached by their suckers to a glass slide. They were so 
firmly fixed that they were removed only with difficulty. In sections of the 
host (Pl. VIII, fig. 5) parasites are often seen with portions of the gut epi- 
thelium projecting into the sucker. There is, almost invariably, a small space 
between the edge of the epithelium and the inside of the sucker, which does 
not seem to fit tightly upon the papilla of epithelium. This space may be due 
however to fixation and death. 

When the animal is freely swimming in a medium of teased-up host and 
water the adhesive surface of the sucker is not usually depressed to form a 
cup, but is almost flat. When the animal is moving forward, rotating to the 
left upon its axis, the body cilia beat towards the posterior end, and the cilia 
covering the surface of the sucker beat in the same direction. But when the 
animal bends to one side the cilia on the surface of the sucker change their 
movements and then beat transversely to the long axis of the body in a clock- 
wise, or occasionally an anti-clockwise manner. These cilia function, therefore, 
in locomotion; but their function during adhesion to any object seems obscure. 
It would seem that they must actually hinder fixation. 

The mechanism by which the surface of the sucker is depressed has not 
been discovered. I am convinced that myoneme contraction plays no part in 
it. It is possible that the vacuolated area at the base of the sucker is connected 
with the working of the sucker. Definite vacuoles at the anterior end of 
Astomes without suckers have been described by Mackinnon and Adam (1924) 
in Biitschiella naidos, and by Hentschel (1925) in Hoplitophrya brasil, but in 
neither of these species are the vacuoles connected with a definite sucker 
apparatus. Of this vacuole Mackinnon and Adam say: “ Possibly the presence 
of the vacuole behind it facilitates the flattening of the beak-like projection 
against a resistant surface. We cut sections of infected worms. From these 
it is clear that the beak merely rests on the hummocks caused by the epithe- 
lial cells; it does not pierce them in any way.”’ Whilst of the papilla at the 
anterior end of Hoplitophrya brasili Hentschel says that it is “very unlikely 
that it is an organ of fixation, for it is difficult to see how such a structure could 
obtain any hold. It seems much more probable that what we have here is 
something of the nature of a ‘buffer,’ and it is possible that the vacuole lying 
behind may be some sort of hydraulic apparatus, which acts as a ‘shock 
absorber.’” 

The contractile vacuole is a long, narrow vessel lying immediately below 
the ectoplasm along the “dorsal” side. It extends from the anterior border of 
the sucker to the posterior end of the animal (Pl. VIII, fig. 3). This contractile 
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vacuole empties itself by two pores, one at the posterior and one at the anterior 
end. The vacuole contracts from the centre towards both pores, one part of it 
emptying through its pore a little before the other does so. The actual con- 
traction of the vacuole is comparatively slow and preparations sometimes show 
the vacuole contracted in one part and still dilated a short distance further 
down (Fig. 3). These slow and apparently irregular contractions may have 
been, to some extent, caused by the unnatural medium in which the organisms 
were being examined. The walls of the contractile vacuole are very thick 
(Fig. 6) and form, as Maupas (1883) thought probable, a definite membranous 
wall. 

According to the description of Cohn (1904) and La Monica and Galati- 
Mosella the contractile vacuole of H. gigantea is sinuous. Maupas found that 
this contractile vacuole opened to the exterior by a longitudinal series of pores. 
Cépéde (1910) figures these. 

The meganucleus of Sieboldiellina planariarum is an oval structure (Pl. VIII, 
figs. 1 and 3). In a normal animal not about to divide it varies in length from 
60-70 « 23-28. It is provided with a distinct nuclear membrane. In 
stained prepatations (Fig. 4) the meganucleus is composed of a number of 
granules, varying in size and shape, which stain intensely with haematoxylin 
stains, and are set in a more homogeneous matrix. The matrix immediately 
surrounding the granules is much paler than the remainder. This can be seen 
in the meganucleus of other ciliates, for example, Spirostomum ambiguum. 
Whether it is an artefact caused by fixation or due to a true structure I cannot 
say. 

The position of the meganucleus is variable. In many individuals it lies 
immediately below the sucker, whilst in others it is placed at the posterior end 
of the animal. But in all individuals about to divide its position is central. 
These movements of the meganucleus have been remarked upon in Hapto- 
phrya gigantea by Cohn and La Monica and Galati-Mosella. Cohn believed 
that disturbances or movements of the cytoplasm are not the cause since he 
saw cytoplasm flowing round a motionless meganucleus. He suggested that 
anteriorly placed meganuclei may be held in place by the strands of proto- 
plasm from the sucker. In the individual of S. planariarum in which I have seen 
the meganucleus actually changing its place the movement of the mega- 
nucleus was accompanied by an active flowing of the cytoplasm. 

To my knowledge no description of the micronucleus of S. planarvarum 
has been given. In Haptophrya gigantea Cohn (1904) found no trace of it in 
the vegetative state but he says it is of considerable size during division. 
If I have interpreted his figures (pl. 4, figs. 6 and 7) correctly, he figures its 
presence in one only of the four or six daughters; not, as one would expect, 
in each product of division. 

Cépéde (1910) says that the micronucleus of H. gigantea recalls that of 
Anoplophrya maupasi, which shows one large micronucleus well removed from 
the meganucleus. 
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In most preparations of S. planariarum I found two micronuclei close to 
the edge of the meganucleus. Occasionally I have found three micronuclei in 
normal animals not undergoing division, and sometimes only one micro- 
nucleus. The micronuclei migrate with the meganucleus. 

Immediately after division (Text-fig. 1) the micronuclei are small and stain 
intensely. Later they become swollen and do not stain so deeply (Text-figs 2, 
3 and 4). An average example of these pale, swollen micronuclei measured 
4-25 in diameter. As the micronuclei increase in size they often become oval 
instead of round and sometimes are pointed at the poles. No structure can 
be made out inside them. One of the spindle-like micronuclei measured 
5-25 x 3-50u. Later (Text-fig. 5) a true spindle is formed. It is vesicular in 
shape and the chromatin granules on the equatorial plate are scattered ir- 
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Fig. 1. Micronucleus immediately after its division. 
Figs. 2, 3, 4. Gradual increase in size of the micronucleus. 
Fig. 5. Two micronuclei at the equatorial plate state of mitosis, M.N.=edge of meganucleus. 


regularly. Nothing comparable with a centrosome was found. Both the 
spindles lie close to the meganucleus. A distinct telophase has not been found, 
but the division products of each micronucleus have been seen placed at 
opposite ends of the meganucleus. 

After the division of the micronuclei the meganucleus becomes elongated; 
later it becomes dumb-bell-shaped and finally constricts through the middle. 
During its division the granules in the meganucleus disappear and its internal 
structure is much finer than in the vegetative state. After the division of the 
meganucleus the animal’s body constricts and a new sucker is gradually 
formed at the anterior end of the posterior daughter. When this is complete 
the two daughters separate. 

Of the numerous examples of division observed all have been of the simple 
type described above. No example of repeated division to form a chain of 
zooids such as is described for Haptophrya gigantea has been seen. 
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Abnormal individuals were occasionally seen. These had an elongated and 
narrow neck, sometimes of considerable length. They differed in no other 
respects from normal individuals except that in preparations of long-necked 
individuals the meganucleus had a broken outline and no micronuclei could 
be seen. I conclude that they were degenerating. That they were not another 
variety was proved by finding several individuals undergoing the last stage of 
division in which the anterior half bore a fairly long neck and the posterior 
part was normal. In such the meganucleus in the anterior half was still normal. 

Specimens of Planaria torva have been examined for S. planariarum at 
all times of the year, but no cysts nor conjugants have been found. Cysts are 
present in many P. torva but these belong to a gregarine which I hope to 
describe in a later paper. 

Comparison of 


Subfamily Steinellinae Sieboldiellinae Haptophryinae 

Species 1. Steinella uncinata 1. Sieboldiellina planari- 2. Haptophrya gigantea 
arum H. tritonis 

Host Turbellaria Planaria torva Amphibia 
Dendrocoelum lacteum 

Sucker With hooks No hooks No hocks 

Micronucleus Not known Two, close to mega- 1. Visible only in divi- 
nucleus sion according to Cohn. 


1. As in Anoplophrya 
Maupasi according to 
éde 


Cépéd 
Contractile Empties at posterior Empties at anterior and Empties by many pores 
vacuole end posterior ends 
Division Not described Simple Formation of chain of 


daughters 
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DESCRIPTION OF PLATE VIII. 


. 1. Individual with well-developed neck, showing sucker (S), neck (NV), meganucleus (WN). 
2. Individual about to divide, showing elongated meganucleus (VN). 

daughter (P), sucker (S), meganucleus (MN), and micronuclei (MCN), also contractile 

vacuole (CV). ‘ 

$. Transverse section of meganucleus (MN), with two micronuclei at the side and granules 

(@) inside the meganucleus. 

5. Transverse section through sucker and part of the neck (.V) of S. planariarum lying in the 

alimentary canal of P. torva, showing the lining pad of the sucker (P), the vacuolated area 
behind the sucker (V), the strands of protoplasm (SP) between the vacuoles, the projection 

of the epithelium of the host (//), and the space between the epithelium of the host and the 

sucker of the parasite (C). 

6. Transverse section through Sicboldiellina planariarum, showing the contractile vacuole 


(CV), and the cilia and basal granules (6.g.). 


3. Individual at last stage of division, showing large anterior daughter (A), and smaller 
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ONCHOCOTYLE SOMNIOSI N.SP., AN ECTOPARASITIC 
TREMATODE OF THE SLEEPER SHARK (SOMNIOSUS 
MICROCEPHALUS). 


By DAVID CAUSEY. 
(Princeton University.) 


(With Plate IX and 4 Text-figures.) 


INTRODUCTION. 

THE specimens herein described were obtained from the gills of Somniosus 
microcephalus Block, at Excursion Inlet, Alaska, in 19091. This shark is also 
the host of Onchocotyle borealis, the species most closely resembling the new 
species, and is known in European waters as the Greenland Shark. To quote 
Goode: “This species, also called by our fishermen the ‘Gurry’ or ‘Ground’ 
Shark, is a native of the Arctic Seas, but on our coast ranges south to Cape 
Cod, and in the Eastern Atlantic at least to England, while in the Pacific it 
has been observed from Puget Sound northward.” 

The parasites as obtained for study were in 85 per cent. alcohol, having been killed 
with corrosive acetic fixing fluid. For in toto preparations the worms were stained in 
paracarmine or Delafield’s haematoxylin, and then decolourised in acid alcohol. For 
sections, Delafield’s haematoxylin with erythrosin as a counterstain gave the desired con- 
trast. The digestive system takes the stain poorly; the dark granules and the vitellaria 
are unaffected by the technique; in both cases the natural colouration is sufficient. 


GENERAL ForM AND SIZE. 

Three regions of the body are clearly differentiated: the body proper, 
fixation-disc, and appendix (Pl. IX, figs. 1, 3). The body tapers gradually at 
the anterior end, more abruptly behind at its junction with the fixation-disc. 
The body is roughly ovoid in cross-section, being flat or slightly concave 
ventrally and always more or less convex dorsally. 

The external shape of members of the genus Onchocotyle has been compared 
by authors to a claw-headed hammer. The body proper? corresponds to the 
handle, the fixation-disc and appendix represent the head and its claw re- 
spectively. 

The worms vary in size, those studied measuring 17-28 mm. in length 
(from the anterior tip to the posterior body-constriction where the fixation- 
disc arises), 1-5 to 3 mm. in width, and uniformly 1 mm. in thickness. 

1 T am indebted to Dr H. B. Ward for the use of the specimens on which this study was based. 


The preliminary study was made under his direction at the University of Illinois. 
® Hereinafter called the body. 
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The anterior sucker is hookless and slightly ventral in position (Pl. IX, 
fig. 4), the mouth is within it and lies at the bottom of the conical pit. 

The genital atrium (Pl. IX, fig. 2), situated ventrally, forms a shallow 
depression into which the oviduct opens, and the cirrus projects. The cirrus 
and associated structures form a small central protrusion in the atrium. There 
are no genital hooks. Just behind the atrium, and placed widely apart, are the 
two external vaginal orifices (Pl. IX, fig. 2). 

Dorsally, anterior to the genital atrium, are the external orifices of the 
parallel excretory canals that extend through almost the entire body. The 
orifices are minute, practically invisible in the in toto preparations, and are 
best demonstrated in sections. 





Onchocotyle somniosi n.sp. 


Text-fig. A. Crescentic hook from sucker of fixation-disc. 
Text-fig. B. Triradiate hook on appendix of fixation-disc. 


The fixation-disc is oval in shape, affixed at right angles to the body; it is 
of fairly uniform size, measuring about 3 x 2 mm. in different specimens. The 
disc bears three pairs of suckers, arranged as shown in fig. 5. Each sucker 
contains a crescentic hook (Text-fig. A) with a minute and very sharp distal 
claw pointing inward toward the mouth of the sucker. The suckers, judging 
from their musculature, have a strong adhesive power. Each of them is as 
large as the anterior sucker. 

The hooks of the six suckers point in different directions, this affording a 
safe hold upon the host. 

An additional hold is afforded by the appendix, which bears a pair of hooks 
and protrudes dorsally from the fixation-disc in the median line (Pl. IX, 
figs. 1, 3, 5); it measures 3-4 x 1 mm. by 0-5 mm. in thickness. It is provided 
with two minute hooks and each of its terminal bifurcations bears a small 
hookless sucker. 
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The crescentic hooks above referred to are smooth but for a small lateral 
ridge on either side of the claw, each ridge, near the free end of the hook, 
bearing small terminal hooklets, usually four or five in number. The hooks of 
the appendix (Text-fig. B) are very minute and readily overlooked: each is 
triradiate, with the two shorter prongs embedded in the mesenchyma and with 
the longer and extremely sharp prong free. 


THE DIGESTIVE SYSTEM. 


The form of the digestive system (Pl. IX, fig. 9), owing to its dark contents, 
may be seen in uncleared preserved specimens. The funnel-shaped mouth 
communicates through a very short tube with the pharynx which is ellipsoidal 
in form (Pl. IX, fig. 16, depicts a cross-section). The fairly long oesophagus 
leads to the two digestive crura. A ventral diverticulum underlies the pharynx 
and extends anteriorly for some distance. There are no salivary glands. 

The two crura run backward near the sides of the body, and unite near the 
fixation-dise (Pl. [X, fig. 9) into which the single tract enters and branches, 
forming a short and a long branch, both branches ending blindly. The short 
branch ends within the disc, the long branch extends into the appendix almost 
to its extremity. For a short distance anteriorly,-the crura are simple tubes, 
but they soon give off a complicated system of lobe-like diverticula, these 
arising on the outer side of each crura, the lobes extending laterally, dorsally 
and ventrally. Where the crura unite posteriorly, the lobes disappear. 

The digestive tract is lined by irregularly shaped cells upon a tunica pro- 
pria. The cells (Pl. IX, figs. 6, 7) are amoeboid, generally somewhat club- 
shaped, some protruding into the lumen and appearing stalked, the nuclei 
being situated basally. Their structure is frequently obscured by numerous 
granular bodies ranging in colour from greenish brown to black and occurring 
within or upon the cells. Most of the granules seem to be on the surface of 
the cells. 

The position of these granules—within, without or clustered upon the cells, 
in clusters throughout the gut-lumen—strongly suggests that they are ex- 
cretory products. It is probable that the club-shaped portions of the cells 
become gradually filled with these excretory products and then detached, 
escaping first into the lumen and thence by way of the mouth. Such bodies 
are fairly numerous in the lumen and are identical in appearance with similar 
bodies attached by stalks to the gut-wall; some are nucleated. 


THE EXcCRETORY SYSTEM. 


The excretory system is difficult to demonstrate in the material available. 
In mounts of the complete animal no trace of the excretory system can be 
discovered, and in cross-sections only the main ducts are distinguishable. 
There are two main ducts on each side of the body, a larger and a smaller. The 
position of the external orifices of the larger ducts has already been mentioned 
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(see p. 196). The duct walls appear structureless, and are embedded in the 
mesenchyma. The ducts are ventral to the digestive crura throughout most 
of their course, rising gradually in the region of the genital atrium to the dorsal 
surface. They vary in diameter throughout their course, but in the oesophageal 
region the two communicating with the exterior are considerably enlarged 
into what may be termed bladders, narrowing, however, before reaching the 
orifices. Occasionally traces of smaller ducts, doubtless tributary to the main 
ducts, may be seen in the mesenchyma. Both pairs of ducts penetrate a 
considerable distance into the fixation-disc, closely following the digestive 
tract. No traces of flame cells were found. 


THE REPRODUCTIVE SYSTEM. 


The male reproductive system is relatively simple. The many-lobed testes 
occupy the posterior half of the space between the digestive crura, and show 
little regularity. The lobes vary up to seven in number, are thin walled, and 
vary considerably in size. The cavities are filled with sperm cells and the 
accompanying nurse cells in various stages of development. From the testes 
(Pl. IX, fig. 9) two ducts extend anteriorly, the vas efferens, which unite on 
the left ventral side of the body and continue forward as the vas deferens. 
The vas deferens enlarges considerably in the anterior half of the body, and 
is coiled and doubled back on itself. This enlarged, coiled portion is usually 
filled with sperm masses. It communicates with the cirrus by a straight duct 
which lies just beneath the uterus. The cirrus is fairly large and projects into 
the uterus and thence into the genital atrium. The duct of the cirrus appears 
to be ciliated, the vas deferens certainly is not. 

The female reproductive system (Pl. IX, fig. 9) occupies the anterior 
half of the body between the digestive crura. The ovary lies on the right side 
of the body, approximately midway along its length. It is irregularly shaped, 
doubles upon itself and communicates with the ootype by means of a short 
oviduct (Pl. IX, fig. 13) which is lined by amoeboid cells. 

The receptaculum seminale (PI. IX, fig. 9) is a large thin-walled oval sac 
connected to the oviduct by a short duct which has two distinct enlargements. 
These appear to be muscular in nature and: probably serve as valves, opening 
and permitting fertilisation at the proper time. The receptaculum seminale 
lies opposite the ovary on the left side of the body; in all specimens examined 
it was almost filled with sperm masses. 

Communicating with the ootype (Pl. IX, fig. 9) are also the genito-in- 
testinal canal and the yolk-duct which is also the medium of communication 
with the vaginae. The genito-intestinal canal is a short duct with thin walls 
that leads directly into the right digestive crus. In cross-section both nuclei 
and nucleoli may be demonstrated. Goto (1894) describes it as destitute of 
nuclei in other species of the genus. The opening into the intestine is minute and 
shows no evidence of a valve. The ootype is a spindle-shaped body surrounded 
by shell glands (Pl. [X, fig. 10). In cross-section it is stellate in appearance 
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because of the thickening of the lining membrane. The wall of the ootype 
(Pl. IX, fig. 12) is a thin, darkly staining structure without nuclei. 

The uterus (Pl. IX, fig. 15) is a small, straight, relatively thick-walled 
duct leading from the ootype to the genital atrium, and is ciliated throughout. 
Near the atrium the uterus becomes enlarged dorsally; the cirrus enters here 
and projects as a small conical body (Pl. IX, fig. 2) into the atrium. 

The vitellaria (Pl. TX, fig. 9) are two multilobed organs extending through- 
out most of the body. Cross-sections show that they extend backward from 
where the body tapers anteriorly attaining almost the region where the crura 
reunite. They surround the crura, but the lobes are more numerous dorsally. 
The lobes have very thin walls and are filled with minute spherical yolk- 





C. D. 


Female reproduction system. 


Text-fig. C. Onchocotyle somniosi n.sp. 
Text-fig. D. Onchocotyle borealis. 


g.i. =genito-intestinal canal—oot. = ootype—ov. = ovary—ovid. = oviduct—r.s. = receptacu- 
lum seminale—uzt. = uterus—vit. = vitellaria. 


granules having a greenish yellow colour. The two yolk ducts leading from the 
lateral-lying vitellaria unite in the median line, and a single yolk-duct leads 
to the ootype. The ducts are usually enlarged into yolk-reservoirs. 

The vaginae are small paired ducts which open outward as described on 
p. 196 (Pl. IX, figs. 2, 9); they lead from the external orifice posteriorly, be- 
coming at once considerably enlarged, and then narrow gradually as they 
extend posteriorly. They are ciliated (Pl. IX, fig. 14) and lead into the paired 
yolk-ducts of the vitellaria, which communicate by means of the single yolk- 
duct with the ootype and the receptaculum seminale. 

The mature eggs (Pl. IX, fig. 8), but one to two in number, are found in 
the uterus; they are probably passed out as soon as fully mature. The egg is 
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fusiform, has a single polar filament, and has a length of about 296 microns, 
exclusive of the filament. 


DiscussION AND COMPARISON. 


The genus Onchocotyle has shared the fate of so many genera first described 
early in the last century, and scarcely an investigator has worked with the 
genus without changing the nomenclature and systematic position. The type 
species was described by Kuhn (1829) as Polystoma appendiculatum. Van 
Beneden (1853) added a new species and established the genus Onchocotyle 
with the two species, O. appendiculatum and O. borealis. Several other species 
have since been added. Cerfontaine (1899) placed in the OcTocoTYLIDAE 
those forms having eight posterior suckers, and established three genera: 
Squalonchocotyle, Acanthocotyle, and Rajonchocotyle. As now accepted the 
family OcTrocoTyLIDAE includes those forms with two oral suckers, and a 
posterior fixation-dise with eight (less often four) suckers. The genital pore 
is always armed with hooks. The Onchocotyle clearly do not belong to the 
OcTocoTYLIDAE; they should be placed in the PoLystomMiIDAE, among the 
forms having fixation-discs with either two or six large and powerful suckers. 

The following species of the genus have been described. The measurements 
are based on Cerfontaine’s figures with the exception of O. somniosi. The size 
of the egg in O. appendiculata does not appear to have been recorded and the 
egg of O. spinacis is unknown. 


Length of Length of Width of Length of 
Species hooks eggs eggs body 
O. vulgaris 1428 270 110 12 mm. 
O. canis 700 155 60 7-8 mm. 
O. abbreviata 900 150 60 7-8 mm. 
O. spinacis 942 Egg unknown 8-9 mm. 
O. canicula 528 220 130 
O. appendiculata 471 No data available 6-7 mm. 
O. borealis 1685 330 120 20 mm. 
O. griesa 1514 255 67 15 mm. 
O. alba 1485 225 120 8-9 mm. 
O. prenanti 785 260 120 8-9 mm. 
O. batis 1800 210 150 12-15 mm. 
O. somniosi 1940 296 97 17-28 mm. 


The foregoing list shows that O. somniosi stands apart from most of the 
Onchocotyle because of its greater size, larger hooks and eggs. O. borealis 
approaches it most nearly in size; its hook is nearly as large, its egg larger. 
A comparison of the two is necessary to bring out the specific differences. The 
morphological characters of O. borealis are as yet insufficiently defined. Van 
Beneden’s original description is the best; Cerfontaine adds a careful descrip- 
tion and illustration of the hooks and eggs. In O. borealis the anterior sucker 
is a wide, shallow, thin-walled cup with a relatively large central mouth. In 
O. somniosi the anterior sucker is smaller in proportion to the size of the body, 
it is thick-walled, deep, and has a small central mouth. Van Beneden does not 
mention or figure a genital atrium. A genital atrium is present in O. somniost. 

The fixation-discs of the two species differ in some respects: in O. borealis 
the suckers of the fixation disc are very distinct, with the lower sides of each 
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tapering slightly inward toward the base, whereas in O. somniosi (PI. IX, fig. 5), 
the sides of the suckers continue into the disc without showing a distinct line 
of demarcation. The difference in the suckers is still more striking: in O. borealis 
the sucker has a mouth distinctly divided into four large lobes or lips, whereas 
in O. somniosi the sucker has a smooth mouth without a trace of lobes. 

As indicated in the table, the hooks of O. somniosi are larger than those 
of O. borealis, while the eggs are considerably smaller. There is a further 
difference in that O. borealis has two polar filaments per egg, while 0. somniosi 
has only one. 

Apparently Van Beneden did not have a clear conception of the relations 
the parts of the reproductive system have to each other in this genus, and his 
figures show that he misinterpreted various ducts. The genito-intestinal canal 
and the posterior end of the uterus are not only figured as vitellarian ducts, 
but are made to lead into the vitellaria. The ootype is figured as a “vitellosac.” ~ 
With these obvious errors corrected, one important difference may be pointed 
out. In O. borealis the lateral yolk-ducts unite and the common yolk-duct 
empties directly into the ootype at its anterior end. At the other end of the 
ootype there arise the genito-intestinal canal, the oviduct and the uterus. 
In O. somniosi this is not the case. The common yolk-duct formed from the 
union of the lateral yolk-ducts, together with the genito-intestinal canal and 
the oviduct, all unite and a short duct leads to the ootype, joining it at its 
anterior end. The uterus arises from the anterior end. These differences are 
shown in the Text-figures C and D. 
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EXPLANATION OF PLATE IX. 


Onchocotyle somniosi n.sp. 
Fig. 1. Ventral view of complete worm. x 5. 
Fig. 2. Anterior portion of the body, ventral view, showing sucker, genital atrium, and orifices 
of vaginae. x 7-5. 
Fig. 3. Left lateral view of complete worm. x 5. 
Fig. 4. Anterior sucker. x 7-5. 
Fig. 5, Fixation-disc and appendix. 7-5, 
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Fig. 6. Cells of digestive crus. x 500. 
Fig. 7. Lining of digestive crus. x 500. 
Fig. 8. Mature eggs from uterus. x 39. 
Fig. 9. Schematic view of reproductive and digestive systems. 
d. cr. left digestive crus; gan. anterior ganglion; g.i. genito-intestinal canal; oof. ootype; 
r.s. receptaculum seminale; tes. testes; ut. uterus; vag. vagina; v.d. vas deferens; vit. vitellaria. 
Fig. 10. Cross-section of the body in the region of the ootype. x 34. 
oot, ootype; s.g. shell gland; y.d. yolk-duct. 
Fig. 11. Cross-section of the body in the region of the receptaculum seminale. x 34. 
d.cr. digestive crus; ov. ovary; r.s. receptaculum seminale; vit. vitellaria. 
Fig. 12. Ootype in cross-section. x 170. 
Fig. 13. Oviduct in cross-section. x 500. 
Fig. 14. Vagina in cross-section. x 390. 
Fig. 15. Uterus in cross-section. x 500. 
Fig. 16. Pharynx in cross-section. x 105. 
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ON THE CORRECT USE OF HOST-NAMES. 
AN APPEAL TO PARASITOLOGISTS. 


By H. A. BAYLIS, M.A., D.Sc. 
Department of Zoology, British Museum (Natural History). 


PARASITOLOGY has now become a vast subject, and it is impossible for any 
parasitologist to have a complete knowledge of the classification of all the 
groups of parasites with which he may be expected, from time to time, to deal. 
Almost all helminthologists, for example, are obliged to confine their special 
studies to one of the main groups—one dealing chiefly with Nematodes, 
another with Trematodes, another with Ceatodes, and so on. Even within 
these large groups many find it impossible 4g p in touch with the literature 
concerning more than one or two special fansfes. But whether the field they 
attempt to cover be large or small, it is probable that most parasitologists 
find the name of the host a very valuable clue to the identity of the parasite 
which they are endeavouring to determine. For some groups more or less 
comprehensive host-lists have been published from time to time, and authors 
frequently include such lists even in short memoirs, presumably for the 
assistance of their fellow-workers. In all probability many workers find it 
useful to attempt to compile for their own use some kind of host-list. 

Now it is by no means an infrequent occurrence to meet with parasito- 
logical papers in which lists of species, or even descriptions of new species, 
are given without any indication of the hosts beyond their vernacular names 
in their own country. It is probably of very little use to the average worker 
in Europe to be told that a parasite occurs in the “sakawinki monkey,” the 
“sapakara,” the “camondongo,” the “mud puppy,” the “monki-monki,” 
the “mooneye,” the “johnny darter,” the “tadpole cat” or the “crow 
pheasant””—to mention a few instances met with by the writer. Indeed, such 
names may, in given circumstances, become extremely misleading. Remove 
the “tadpole cat” from its context, and it becomes apparently a mammal, 
or perhaps even an amphibian, whereas it is in reality a fish. The “johnny 
darter,” which is likewise a fish, might easily be mistaken for a bird, and so on. 
It would probably have cost the authors little more trouble to have men- 
tioned the scientific names of the hosts, and this practice would be of the 
greatest assistance to other workers. 

Scientific names are international, vernacular names very often confined 
to a country or a district. Moreover, the same name is frequently applied in 
different countries to quite different animals. For example, the gaur (Bibos 
gaurus) is often called the bison (and occasionally the buffalo) by sportsmen 
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in India, while the true bisons occur only in North America and in Europe. 
The word “buffalo” is a most unfortunate one. In America the bison is 
generally called the buffalo, though it is a very different animal from the true 
buffaloes (Bubalus) of Asia and Africa. On the other hand, a race of true 
buffaloes is called carabao in the Philippines!, and this might easily be con- 
fused with caribou, which is the North American name of the reindeer 
(Rangifer), or even with cuberow, the native name of the Abyssinian “wolf” 
or wild dog, Canis simensis. “Elk,” in America, generally means the wapiti 
(Cervus canadensis), not the elk as understood in Europe (Alces), which is 
known in America as the moose. The English robin is well known, but the 
American “robin” is a thrush (T'wurdus migratorius), and the Australian “robins” 
are flycatchers (Petroica). In England “crow” usually means the carrion 
crow (Corvus corone), but in Scotland it more often means the rook (C. frugi- 
leqgus). “Spoonbill” generally signifies a bird (Platalea), but the same name is 
also used for a fish in America. “Dogfish” means, in England, some of the 
smaller members of the shark family, but is used in America for a fish (Amia) 
belonging to quite a different group, and locally for other fishes. In- 
numerable instances of this kind might be mentioned, but enough has 
been said to show that names of this kind are apt to lead to great confusion. 

While urging all parasitologists to take some pains to give scientific names 
for hosts whenever possible, one may at the same time press the desirability 
of using them correctly. Unfortunately in all fields of zoology nomenclature 
is still in a fluid and unstable condition, and changes are constantly being 
made, especially in generic names. This state of things undoubtedly presents 
great difficulties at times, but these could often be overcome by mentioning 
both the “old” and the “new” names. For instance, if it were desired to 
follow those modern mammalogists who regard the African and Indian 
elephants as belonging to distinct genera, the African elephant might be 
designated Lozxodonta [Elephas] africana. To many parasitologists the name 
Loxzodonta is probably entirely unknown, but the addition of the well-known 
name Elephas would at once make it intelligible. If the help of an expert is 
not available, another system that has much to recommend it is to use the 
names given in some well-known and accessible work on the group of hosts in 
question, making prominent reference to the fact that these are the names to 
be used, irrespective of their correctness or otherwise according to the latest 
usage of specialists. For bird names, for example, the writer has been in the 
habit of referring to Sharpe’s admirable Hand-list of Birds (British Museum). 
Again, in writing on parasites from Indian hosts, it was found useful to call 
the hosts by the names used in the relevant volumes of the Fawna of British 
India. There could then be no doubt as to the animal referred to, even if in 
more recent literature it appeared under a different name. 


? This form is sometimes called Bos kerabau, although that name appears to have been applied 
originally to a forny from Java. Both races seem to be very doubtfully distinct from Bubalus 
bubalis, the common Asiatic buffalo (see Sundevall, K. Svensk. Akad. Handl, 1846 (1844), p. 202). 
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Lastly, it may perhaps be thought pedantic to appeal for more care in the 
spelling of names, but from the writer’s experience it is evidently necessary. 
Among misspellings that have occurred are Cephalobus for Cephalophus (the 
former name being applicable to a Nematode worm, the latter to an antelope) ; 
Podicnema, apparently a compound of Podinema (a lizard) and Podocnemis 
(a tortoise); Copschychus for Copsychus; Tetracercus for Tetraceros; Lakoeta 
for Capoéta; Cercoptecus, presumably for Cercopithecus ; Ostinapos for Ostinops ; 
Pomotis for Pomozis; Scleroporus for Sceloporus; Helodrochelidon, presumably 
for Hydrochelidon. Many others could be added, and they do not all seem 
capable of explanation as mere typographical errors. 


(MS. received for publication 20. 11. 1926.—Ed.) 
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INTRODUCTION. 

Iv is now recognized, by all competent observers, that emetine is a specific 
therapeutic agent for the treatment of amoebic dysentery; but although it is 
known that a thorough course of emetine, in some form, will eradicate an 
infection with Entamoeba histolytica from most human beings, there is still 
complete ignorance as to how the cure is effected. The obvious hypothesis, 
that emetine is a specific poison for FL. histolytica, has not hitherto been sup- 
ported by adequate experimental evidence. It is true that observers have 
described experiments in which the alkaloid, in high dilution, has apparently 
killed various amoebae in vitro; but these experiments either ignored the 
peculiarly specific action of emetine in vivo on E. histolytica, or were carried 
out without adequate controls. 

Dale and Dobell (1917) found that, within the limits of the experimental 
method which they employed, emetine and cephaeline did not appear to be 
more—but in fact less—poisonous for E. histolytica than other ipecacuanha 
alkaloids and their derivatives (e.g. methylpsychotrine, isoemetine, demethoxy- 
emetine), and that a solution of emetine 1 in 1000 might fail to kill this 
parasite in several hours: yet therapeutic records prove that emetine and 
cephaeline are the only alkaloids of ipecacuanha which have curative pro- 
perties. This discrepancy between the clinical and the pharmacological findings 
naturally led to the theory that emetine effects a cure by some unexplained 
indirect method. 
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Consideration will show, however, that all conclusions regarding the action 
of emetine on E. histolytica have so far been based on the results of an imperfect 
technique. Experiments were necessarily carried out on amoebae isolated from 
their host, and the time of survival of these parasites outside the body was, 
until recently, uncertain, and measured by a few hours; so that the direct 
exposure of the amoebae to any given concentration of emetine was un- 
avoidably short. The results of such in vitro experiments lasting only a few 
hours were then compared with a therapeutic action spread over many days. 
It is therefore not surprising, perhaps, that the results of a prolonged thera- 
peutic action and a brief direct action of the alkaloid on this species of amoeba 
showed a disagreement. 

But the experimental situatién has now changed completely. Boeck and 
Drbohlav (1925) have shown that it is possible to cultivate EZ. histolytica in 
test-tubes with comparative ease. We have been able to improve their original 
methods and get rich cultures of this organism, growing with great regularity: 
and we have thus been able to expose these amoebae to various concentrations 
of ipecacuanha alkaloids for as long as we desired, while at the same time we 
could be certain that our control cultures, without alkaloid, would increase 
and multiply throughout the experiments. 

During the past year we have cultivated not only E. histolytica but also 
many strains of other entozoic amoebae, and from time to time we have made 
experiments to ascertain the effects of ipecacuanha alkaloids, and other 
substances, when added to our cultures. The chief results obtained are recorded 
in the present paper. 


MATERIAL AND METHODS. 


Our improvements in the Boeck-Drbohlav culture-media will be described 
in detail elsewhere. Here it may suffice to state that these media are partly 
solid and partly liquid; and that the composition of the two constituents must 
be varied with the species of amoeba studied if the best results are to be 
secured. For the sake of uniformity, however, and to obtain a better com- 
parative answer, we have used—throughout this chemotherapeutic study— 
inspissated horse-serum as the solid constituent, and egg-white or horse-serum 
diluted with Ringer’s fluid as the liquid: and to all our cultures (except those 
of E. nana) we have added a suitable amount of solid starch. To the liquid, 
which was of known volume, we have added dissolved and measured quantities 
of the alkaloid to be tested. After thorough mixing the tubes were then warmed 
to body temperature, and inoculated with the amoebae. The tubes were then 
incubated at 37° C. for two to three days (determined by the progress of the 
culture). Cultures were always examined on the second and third days and 
the results recorded after direct microscopic examination of a sample removed 
by a capillary pipette. As a rule the result at the end of 48 hours was decisive: 
but if it was uncertain, the tubes were examined on the following days also. 
Early examinations sometimes gave misleading results. 
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In this technique it will be seen that the concentrations of alkaloid em- 
ployed are denoted by the amounts present in the liquid constituent at the 
beginning of the experiment. Doubtless some of the alkaloid diffused into the 
solid in the course of the experiment, and thus the concentrations recorded are 
too high. It seemed impracticable, however, to secure an exact and equal 
concentration of alkaloid in both solid and liquid without a great deal of 
trouble; and as all our experiments were carried out in the same way, the 
results have a correct relative value though the absolute figures are erroneous. 
We were more interested in comparing the action of different alkaloids on one 
species of amoeba, or of the same alkaloid on different species of amoebae, than 
in striving for absolute figures expressing lethal concentration of alkaloid for 
the various organisms studied. 

In these experiments we have studied the action of the various alkaloids 
on the following species of amoebae?: 

(1) Entamoeba histolytica from man. Two different strains have been 
studied—one (Strain D) isolated from a patient suffering from acute amoebic 
dysentery, the other (Strain F) from a case of intestinal amoebiasis without 
dysentery. 

(2) “Entamoeba histolytica” from monkeys. This organism—known in the 
literature as “H. nuttalli,’ “E. duboseqi,” ete.—is hardly, if at all, distin- 
guishable by morphological or cultural characters from the human parasite®. 
Of this organism we have specially studied, in the present connexion, two 
different strains—one (Strain J) from Macacus rhesus, the other (Strain 8) from 
M. sinicus: but a third strain (M. 4), from M. rhesus, has also been examined. 

(3) Entamoeba coli—one strain, isolated from normal human faeces. 

(4) Entamoeba gingivalis—one strain, from the mouth of a normal man, 
not suffering from pyorrhoea. 

(5) Endolimax nana. Two strains—one isolated from the faeces of a 
monkey (Macacus sinicus)*, the other from a human being. 

No strain was tested until it had been ascertained—by repeated examina- 
tion of all stages in fresh and stained preparations—to be pure. No mixed 
cultures of amoebae (with the exception of one described below, which was 
prepared intentionally) have been employed in our experiments. We have paid 
special attention to this point, as we believe it to be of paramount importance: 
indeed, we have expended far more time and labour in obtaining pure cultures 
for our experiments than in carrying out the work herein recorded. We 
realized at the outset the futility of attempting experiments with any strains 
of amoebae which were not growing regularly and abundantly, and we never 
experimented with such cultures nor with those contaminated with other 
protozoa or Blastocystis. 

? For the nomenclature and specific characters see Dobell (1919). 
* The specific status of this species is being investigated in detail by one of us (C. D.) at the 


present time. 


’ This organism, though not previously described, has been studied in detail by one of us 
(C. D.). Evidence for identifying it with the species in man will be presented shortly. 
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The alkaloids tested were emetine, isoemetine, cephaeline, “demethoxy- 
emetine,” noremetine, psychotrine, methylpsychotrine; and for the purpose 
of comparison we have also studied the action of quinine and stovarsol. For 
obvious reasons most of our experiments were directed towards ascertaining 
the effects of emetine in vitro upon E. histolytica. We shall begin, therefore, 
with the description of our findings for this species. 


(1) THe Action or EMETINE ON E£, HISTOLYTICA. 


For these experiments we used emetine hydrochloride or hydrobromide. 
We soon observed that the amoebae might live and move actively (as pre- 
viously found by Dale and Dobell, 1917) for many hours in strong concen- 
trations of this alkaloid (1 in 1000); but they did not appear to multiply and 
the cultures soon died out. In very weak concentrations (1 in 200,000), 
however, the amoebae grew well and multiplied as actively as in the control 
tubes. Between these extremes there were certain concentrations in which 
the amoebae grew badly or not at all. For £. histolytica the threshold value 
for emetine appears to be about 1 in 50,000; but the results were not clear- 
cut and decisive in every experiment. Sometimes growth occurred in this 
concentration, sometimes the culture quickly died out; so we repeated the 
experiments about this figure several times, but the answer was never regular. 
The results were somewhat sharper with the simian than with the human 
strains. 

Table I shows the results of some of our experiments, carried out in the 
way described, with four strains of E. histolytica—two human (D and F) 
and two simian (J and 8). The double columns under each strain show the 
numbers of cultures in which growth or death occurred at the concentrations 
of alkaloid indicated. (For example, in a strength of 1 : 50,000 twelve cultures 
of Strain D gave three positive and nine negative results.) 


Table I. 

Action of Emetine on cultures of E. histolytica and allied simian species. 
Strain D Strain F Strain J Strain S 

(man) (man) (M. rhesus) (M. sinicus) 

Concentration —-“"~— —_ —_—_—— —“—_ 

of alkaloid grew died grew died grew died grew died 
lin 1,000 0 l 0 1 0 1 -- -- 
lin 10,000 0 l 0 1 0 l — 
lin 25,000 0 5 0 ] 0 2 0 l 
lin 50,000 3 9 0 2 5 0 0 2 
1 in 100,000 + 2 1 1 3 1 l 1 
1 in 200,000 l 0 _— — 1 0 l 0 
1 in 400,000 — — l 0 — — — — 
1 in 500,000 1 0 -- -- l 0 l 0 


It is clear that 1 in 50,000 is approximately the threshold concentration 
of emetine for the first human strain (D) of EZ. histolytica; and at this con- 
centration the results were variable. In more dilute solutions growth was the 
rule, while in those of greater concentration death always occurred. The 
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second human strain (F) of E. histolytica appeared to be a little more sensitive 
to emetine. One monkey strain (J) was more resistant and the other (8) 
approximately as sensitive to emetine as the first human histolytica strain. 
Some further experiments with a second strain from M. rhesus (M. 4) showed 
that it also was readily killed by emetine in concentrations up to 1 in 100,000, 
but the experiments carried out with this strain were few. 

A few experiments were also made with dilutions ranging a little above 
and a little below | in 50,000, but they did not serve to define the lethal 
concentration more exactly. 

We have invariably found that the amoebae in positive emetine cultures 
—whatever the concentration of alkaloid, and however poor the growth of 
the amoebae—yielded normal rich cultures once more when inoculated into 
ordinary media free from emetine!. It is clear, therefore, that sojourn in a 
solution of emetine—provided that the result be not fatal—does not impair 
or destroy the reproductive powers of E. histolytica. 

In another series of experiments an attempt was made to ascertain whether 
E. histolytica is able to acquire a resistance to emetine by prolonged cultivation 
in the presence of tolerated doses of the alkaloid. The experiments were made 
as follows: One of the positive cultures of £. histolytica (Strain D) in 1 in 50,000 
emetine was taken, and successive subcultures were made into medium con- 
taining the same amount of alkaloid. In this way the strain was cultivated 
—with difficulty—in 1 in 50,000 emetine for over a month. From time to 
time, during this period, subcultures were made into higher concentrations 
of emetine, and if the amoebae survived an endeavour was made to establish 
a resistant strain by subcultivation in the higher concentration. Two results 
emerged from these experiments. First, it was found that continuous cultiva- 
tion in | in 50,000 emetine was not smooth or easy—growth being irregular 
and slow. A culture five or six days old? was almost always inferior to a one- 
day culture without alkaloid. Secondly, it was found to be impossible to 
secure continued growth in concentrations of emetine higher than 1 in 50,000. 
These experiments therefore confirm the conclusion drawn from those pre- 
they suggest in 





viously quoted, and they also indicate that it is not easy 
fact that it is impossible—to obtain a strain of Entamoeba histolytica which is 
resistant to emetine. 

Some of the irregular results obtained with varying dosage of emetine, and 
the slow and irregular growth observed in the experiments with a constant 
concentration of 1 in 50,000, may possibly have been due to a loss of alkaloid 
from the reacting system. Such loss might occur by diffusion of the emetine 
from the liquid into the solid constituent of the culture-medium, or possibly 
through its destruction by bacterial action. However that may be, it seems 
clear from all our experiments that 1 in 50,000 is approximately the highest 


1 One of our experiments in this connexion is recorded in greater detail on p. 218 infra. 
2 Control cultures—free from emetine—normally live for about a week, and often for 8 or 
10 days. 
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concentration of emetine that Entamoeba histolytica will tolerate for more than 
a short time. 

After ascertaining the effects of emetine on cultures of E. histolytica, we 
carried out a series of similar experiments with other ipecacuanha alkaloids 
and some of their derivatives. 


(2) Tue Action or CEPHAELINE ON £. HISTOLYTICA. 
Cephaeline was found to be even more toxic than emetine in a series of 
experiments made with this alkaloid. The results are summarized in Table II, 
which shows our findings for Strain D (from man) and Strain J (from Macacus 
rhesus). The salt employed was cephaeline hydrochloride. 


Table II. 
Action of Cephaeline on cultures of E. histolytica and allied simian species. 

Strain D Strain J 

(man) (M. rhesus) 

Concentration —— —__—_ 

of alkaloid grew died grew died 
lin 1,000 0 1 0 1 
lin 10,000 0 1 0 l 
lin 25,000 0 1 0 1 
lin 50,000 0 6 1 4 
1 in 100,000 4 3 1 5 
1 in 200,000 3 1 l 3 
1 in 400,000 2 0 2 0 


From these figures it is clear that cephaeline has a definitely more toxic 
action than emetine on both strains of amoeba. The difference is, on the whole, 
more evident in the case of the simian strain (J); but we are convinced that 
in the case of the human strain (D) of EF. histolytica also the difference is 
significant. 


(3) Tue Action or oTHER IpECACUANHA ALKALOIDS AND THEIR 
DERIVATIVES ON FE. HISTOLYTICA. 

Emetine and cephaeline are the two alkaloids of ipecacuanha—and the 
only two—which have been shown to have a curative effect when administered 
to patients suffering from amoebic dysentery. The other alkaloids, though 
fairly close chemical relatives, are without action as therapeutic remedies. It 
was of great interest therefore to determine what effect—if any—-the minor 
alkaloids and derivatives of emetine would exert on cultures: and it seemed 
all the more important since, in the experiments of Dale and Dobell (1917) 
with a short time of experiment, some of these alkaloids appeared to be fully 
as potent in vitro as emetine itself. 

We therefore made a series of experiments with isoemetine, psychotrine, 
methylpsychotrine, and demethoxyemetine!'—the first two tested in the form 
of the hydrochlorides, the last two as sulphates—in order to study their action 
upon cultures of EF. histolytica. The results are shown in Table III, which 


1 We are indebted to Dr F, L. Pyman, F.R.S., for these alkaloids. 
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summarizes our tests of two strains of amoebae—Strain D (from man) and 
Strain J (from M. rhesus). 
Table III. 
Action of Minor Ipecacuanha Alkaloids on cultures of E. histolytica 
and allied monkey amoeba. 


Isoemetine Methylpsychotrine Psychotrine Demethoxyemetine 
Strain Strain Strain Strain 

Concentration ———“~—_ —*~—_ —os ——“— 

of alkaloid D J D J D J D J 

lin 100 - - - ~ _ - 

lin 250 - - ~ - 4 + - ~ 

lin 500 2 4 + - + + - - 

lin 700 + - 

lin 1,000 ~ + + + + + + + 

lin 5,000 a + 

1 in 10,000 + a - - + oo + 


In this Table the sign + indicates that good growth occurred in the cultures, 
while the sign — means that the amoebae died. Experiments were made also 
with concentrations of alkaloid below 1 in 10,000 (up to 1 in 100,000), but 
growth equal to that in the control cultures was recorded for every such 
dilution. In these tests the alkaloids appeared, indeed, to be so impotent that 
in most cases only a single culture containing each of the weaker dilutions was 
made. All the alkaloids in concentrations lower than 1 in 1000 invariably 
gave us cultures as rich as the controls, so that we felt it was merely a waste 
of time to multiply such experiments. 

It should be noted that the alkaloid here called “demethoxyemetine” is 
that originally described as “ Base C” by Pyman (1917), and previously tested 
on E. histolytica by Dale and Dobell (1917). In the present series of experi- 
ments, however, we also carried out a few tests with noremetine! (see Carr and 
Pyman, 1914)—likewise using Strains D and J: but as all concentrations up 
to 1 in 1000 appeared to have no effect on the cultures, we did not pursue these 
investigations further. 


(4) Tue Action oF QUININE AND STOVARSOL ON E, HISTOLYTICA. 

In addition to the foregoing experiments with the ipecacuanha alkaloids 
we undertook a few with quinine and stovarsol—for the sake of comparison. 
Quinine, which is therapeutically inactive in the treatment of amoebic dysen- 
tery, was found by Dale and Dobell (1917) to be as lethal as emetine, in high 
concentrations, when its immediate in vitro effects on E. histolytica were 
studied. The action of stovarsol, however, has not yet (to our knowledge) 
been investigated—apart from its supposed effects in vivo. As is well known, 
this organic arsenical has already been much lauded—especially by French 
workers—for its efficacy in the treatment of infections with EZ. histolytica and 
other protozoa. These two drugs thus appeared to be of special interest from 
a comparative standpoint. 





1 This was kindly prepared for us by our colleague Dr H. King. Noremetine is a derivative 
of emetine in which all the methoxy-groups are replaced by hydroxy-groups. 
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For our quinine experiments we used quinine urea hydrochloride, which 
we selected on account of its high solubility. Our results with this compound 
—using EF. histolytica from man (Strain D) and the allied form from Macacus 
rhesus (Strain J)—are shown in Table IV. (It should be noted that the con- 
centrations here recorded represent the calculated concentrations of quinine— 
not of the double salt.) In this Table the sign (+) denotes an uncertain result, 
the cultures showing a poor growth in one experiment and-death in another. 
Other signs have the same significance as in the preceding Table. 


Table IV. 
Action of Quinine on cultures of E. histolytica and allied simian species. 
Concentration 

of alkaloid Strain D Strain J 

lin 100 - ~ 

lin 500 - ‘ms 

lin 1,000 (+) (+) 

1 in 10,000 oa + 


When higher dilutions of quinine were used, the alkaloid appeared to have 
no effect whatsoever upon the growth of the cultures. 

“Stovarsol” (acetyloxyaminophenylarsinic acid)! was tested as the sodium 
salt. We found that it had but little immediate effect, even in concentrations 
as strong as 1 in 1000. But although multiplication occurred in this con- 
centration during the first 24 hours, the amoebae soon died—much sooner 
than in the control tubes. At a concentration of 1 in 5000 a similar but slower 
effect was observed, though in weaker solutions stovarsol appeared to have 
little or no action. The results of our experiments are shown in Table V. 





Table V. 
Action of Stovarsol on cultures of E. histolytica (Strain D). 


Growth observed after 





Concentration / A —, 
of drug 2 days 3 days 4 days 

lin 1,000 + = 

lin 65,000 ++ ~ ~ 

lin 10,000 ++ ++ (+) 

lin 20,000 + + ++ +++ 

1 in 100,000 +++ +++ +++ 


+ + + =Good growth, equal to control. 
+ + =Moderate growth, inferior to control. 
+ =Small growth, much inferior to control. 
(+)= Doubtful growth, most amoebae dead. 
- =No growth, or only dead amoebae found. 


In order to test whether all the amoebae had been killed by a concentration 
of 1 in 10,000 on the fourth day, this culture was subinoculated into a tube of 
stovarsol-free medium. Forty-eight hours later this subculture showed an 
abundant growth of amoebae—thus proving that all the amoebae had not 
been killed. 


1 Kindly prepared for us by Dr H. King. 
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The 4-day culture containing 1 in 5000 stovarsol (in which a few dead 
amoebae were found) was similarly inoculated into a tube containing no 
stovarsol, and into another containing | part in 5000 again. The first (stovarsol- 
free) gave a positive culture, the second remained negative. After 2 days’ 
incubation this latter was therefore tested further by subinoculation into 
stovarsol-free medium once more: and this time the result was negative. 

It appears, therefore, from these experiments, that stovarsol is without 
effect in concentrations of | in 20,000 or less, but has a slow poisonous action 
in stronger solutions. In 1 in 1000 the amoebae were all killed in 3 days; in 
1 in 5000 a very few survived for 4 days, the majority being killed; while in 
1 in 10,000 there was a similar though slower and less evident action. 

When stovarsol is allowed to act upon the cultures for more than a brief 
period, a concentration of 1 in 5000 lasting for more than 4 days is necessary 
to produce a completely lethal effect. Similar results—as already shown 
were obtained with emetine in a concentration of 1 in 50,000: and it therefore 
seems justifiable to conclude that—under the conditions of our experiments— 
emetine is about ten times as toxic as stovarsol for E. histolytica. 





From the preceding Tables (I-V) it will be evident that emetine and 
cephaeline are specifically toxic, in comparison with the other substances 
tested, to E. histolytica in culture: and this is true not only for the human 
strains of the parasite but also for those isolated from monkeys. Cephaeline 
appears to be even more toxic than emetine; but the contrast between either 
of these alkaloids and any of the others is so striking as almost to justify the 
application of the adjective “non-toxic” to the latter. In cultures containing 
isoemetine, demethoxyemetine, noremetine, psychotrine, or methylpsychotrine, 
in a concentration of 1 in 1000, EZ. histolytica grows freely and apparently 
normally; and with some of these alkaloids (e.g. psychotrine) considerably 
stronger solutions must be used to produce an inhibitory or lethal effect. 


On the other hand, emetine and cephaeline usually kill the amoebae or retard - 


their growth when present in dilutions as weak as 1 in 50,000; while even in 
concentrations of 1 in 100,000 they often appear to be definitely toxic. More- 
over, we have not been able to obtain regular and continuous growth in solu- 
tions of emetine as weak as 1 in 50,000, though an occasional culture will at 
times support this concentration. It seems to us justifiable to conclude, 
therefore, that—under the conditions of our experiments—emetine and 
cephaeline are at least 50 times as toxic in vitro to E. histolytica as any of the 
other ipecacuanha alkaloids and their derivatives which we have tested. 
There thus appears to be a close parallel between the action of the various 
ipecacuanha alkaloids on cultures of E. histolytica and their several thera- 
peutic effects in the treatment of human infections: for it is well known that 
emetine and cephaeline are highly efficacious in eradicating E. histolytica 
from man, while the other alkaloids are worthless. But it is also well known 
that in the therapy of amoebic infections EZ. histolytica stands almost alone 
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in its susceptibility to emetine. In a mixed infection, for example, with 
Entamoeba histolytica and E. coli, emetine will eradicate the former and leave 
the latter unaffected. It was therefore of great interest to determine the 
cultural response of other amoebae—guch as Entamoeba coli and Endolimaz 
nana—when treated with emetine in the same way as E£. histolytica. 

With this object in view we accordingly isolated and tested strains of 
several other entozoic amoebae besides E. histolytica—using a similar method 
of experimentation. 


(5) Tue Acrion or Emetine on Oruer Entozoic AMOEBAE. 

For these experiments we were able to obtain pure cultures of Entamoeba 
coli (from man), Entamoeba gingivalis (from man), and Endolimax nana (from 
man and Macacus sinicus). We tested only one strain of each, and the chief 
results! are shown in Table VI. As the human and simian strains of E. nana 
gave identical results, they are both recorded under a common heading. The 
salt of emetine used was the hydrochloride; and, as in earlier tables, the 
following signs are used: + means good growth of amoebae, — means death of 
the culture, and (+) denotes a doubtful result (poor growth on some occasions, 
death on others). A space indicates that no experiment was made at that 
concentration. 

In this table we have repeated, in the first column, a typical series of results 
obtained with E. histolytica (from man) for the sake of comparison. 


Table VI. 


Action of Emetine on cultures of various entozoic amoebae. 


Concentration 
of alkaloid E. histolytica E. coli E. gingivalis E. nana 
lin 1,000 - 
lin 10,000 - 
lin 20,000 - 
lin 25,000 - 
lin 30,000 - 
lin 40,000 ~ 
lin 50,000 (+) 
1 in 100,000 (+) 


4 


+++4+4+ 


(+) 
(+) 


Tr 
ap 
- 
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Inspection of Table VI shows clearly that the different species of amoebae 
respond very differently to emetine. The most striking difference is seen 
between E. histolytica and E. coli; for whereas the former grows with difficulty 
or not at all in cultures containing emetine as weak as | in 50,000, the latter 
gives rich cultures—equal to the controls—in solutions as strong as 1 in 1000. 
E. nana occupies an intermediate position. It grows in 1 in 25,000 emetine, 
but not in higher concentrations—being thus able to withstand a solution 
about twice as strong as that which is lethal to EZ. histolytica. E. gingivalis, 
finally, appears to be more sensitive to emetine than E. nana and E. coli, but 
considerably less so than E. histolytica. 


1 We also performed—especially with EL. coli—experiments with intermediate concentrations 
of alkaloid: but as these were concordant, and of no special significance, they have been omitted 
from the table for the sake of brevity. 
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Both E. nana and E. gingivalis are evidently affected, to some extent, by 
the presence of emetine, which will kill or prevent development of the cultures 
if present in sufficient concentration. Observation of the cultures which grew 
also indicated the toxicity of the alkalgid; for the amoebae which developed 
were not numerous, and the rate of increase was slow as compared with the 
control cultures without alkaloid. Nevertheless, it is clear that both species 
will tolerate a much higher concentration of emetine than E. histolytica. 

As E. coli appeared to be unaffected by emetine in a strength of 1 in 1000, 
we made some further experiments with this species in order to ascertain 
whether it could withstand still higher concentrations. The results are shown in 
Table VII. 

Table VII. 


Action of Emetine on cultures of E. coli. 


Concentration of alkaloid 
A... 
1: 100 1 : 250 1: 500 1: 1000 
E. coli - - - + 





It will be evident from this table that E. coli is extremely resistant to 
emetine. In cultures containing the alkaloid as strong as 1 in 500, the growth 
of this species was equal to that in the control tubes. E. histolytica, on the 
other hand, grows poorly or not at all in cultures containing emetine as weak 
as 1 in 50,000. We conclude, therefore, that FE. coli is unaffected by a con- 
centration of emetine at least a hundred times that which is sufficient to impede 
or prevent the growth of E. histolytica. 

It is clear from our results, moreover, that the specific action of emetine 
in vivo could be experimentally imitated in vitro, since E. coli can live and 
multiply in emetine 1 in 500, while EZ. histolytica can not. A mixed culture of 
the two species, if treated with emetine in this concentration, should yield— 
on incubation and subsequent subcultivation in emetine-free media—a pure 
culture of E. coli. We were deterred from attempting this experiment, how- 
ever, by the great practical difficulties that would have been involved in 
proving conclusively that the expected result had been attained. The two 
species are extremely alike in cultures, and in every culture some abnormal 
and therefore not certainly identifiable individuals occur: and if encystation 
does not take place—and it usually does not, in cultures—a proof of purity 
could only be obtained by prolonged cytological study combined with a 
protracted series of animal experiments. 

But with £. histolytica and E. nana the experiment is much easier. Morpho- 
logically these species are readily distinguishable—in cultures, as in the 
faeces. We therefore decided to experiment with these in order to corroborate 
our previous findings—despite the fact that emetine is apparently much more 
toxic to E. nana than to E. coli. 

Accordingly, we prepared a mixed culture of E. histolytica and E. nana by 
mixing pure cultures of the two. We found that, in a suitable medium, both 
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amoebae grew satisfactorily side by side, though the EF. histolytica, on con- 
tinued cultivation, always grew better and ultimately became dominant in 
all our cultures. A mixed culture was then inoculated into a tube containing 
1 in 25,000 emetine. At the end of two days’ incubation only two dead and 
degenerate individuals of E. histolytica could be found, while there was a 
fairly good growth of E. nana. From this culture subcultures were then made 
into media which were particularly favourable for EZ. histolytica, and also into 
others more favourable for E. nana. E. nana alone developed in both. The 
first subcultures were transplanted again into fresh medium, but again only 
E. nana could be found in the tubes. These findings were checked by careful 
study of good stained preparations, and we are therefore satisfied that we have 
succeeded in separating EF. nana from E. histolytica by the specific lethal action 
of emetine upon the latter in vitro. 

Our study of the effects of emetine on the different species of amoebae of 
man has therefore shown once more that there is a close parallel between the 
action of this alkaloid in vitro and that observable in vivo. Emetine will not 
eradicate a human infection with E. coli, E. nana, or E. gingivalis, but it has 
a specific curative action upon infections with EF. histolytica. Similarly, when 
tested upon cultures of these several amoebae its effects upon E. histolytica 
are far more geadly than upon the others: and if E. histolytica and E. coli alone 
are contrasted, then it may indeed be said that emetine is highly toxic to the 
former but almost harmless to the latter. Of the ipecacuanha alkaloids studied, 
emetine and cephaeline alone appear to be specifically toxic to E. histolytica: 
and among the entozoic amoebae investigated, E. histolytica appears to be 
specifically susceptible to the action of emetine. The significance of these 
findings from a chemotherapeutic standpoint appears to us, therefore, to merit 
some further consideration. 


C. DoBELL AND P. P. LAmLAw 


DIscussIoN. 


Our results, taken as a whole, indicate that emetine and cephaeline are 
specifically toxic to Entamoeba histolytica: for we have found, on the one hand, 
that these two alkaloids alone—of all the substances tested—are able, in very 
weak concentrations, to kill this amoeba; and, on the other hand, that E. his- 
tolytica alone—of all the entozoic amoebae studied—is killed by very dilute 
solutions of emetine?. 

It seems clear, therefore, that emetine has a specific action upon E£. his- 
tolytica in culture; and in this sense the alkaloid may perhaps be called “amoe- 
bicidal.”” But it is also clear that emetine is not “amoebicidal” to amoebae 
in general—or even to all entozoic amoebae—since very strong solutions are 
necessary to influence the growth of some species. Moreover, the striking 


1 In the following discussion we shall say nothing about cephaeline. This is because we have 
directed our attention more especially to emetine, and also because the latter alkaloid has been 
far more thoroughly studied from a therapeutic standpoint. It is known that cephaeline is similar 
to emetine in its clinical effects in amoebic dysentery, but as it appears to be more toxic to man 
it is seldom employed. Our observations on its in vitro action upon EL. histolytica suggest that it 
merits more extensive clinical trial. 
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differences between the effects of emetine upon two such closely related entozoic 
species as E. histolytica and E. coli make it obvious that earlier results, obtained 
by similar methods but with cultures of more distantly related free-living 
species, are of very dubious significance. From the observed effect of the 
alkaloid upon one species it is clearly impossible to predict its action upon any 
other. 

One of the outstanding results of our experiments is, we think, the demon- 
stration that those doses of emetine and other alkaloids which are requisite 
to kill E. histolytica immediately, bear no apparent relation to the minimal 
doses of the same substances which are eventually lethal if maintained for 
a period of days. Dale and Dobell (1917) found that E. histolytica could some- 
times live, apparently unaltered, in a concentration of emetine as high as 
1 in 1000 for several hours, and that much stronger solutions were usually 
necessary to kill this parasite outright. We have confirmed this observation 
—using a different method—but have found that this species is, nevertheless, 
usually unable to live and grow and multiply continuously in concentrations 
as low as 1 part in 50,000. As gauged by immediate killing power in vitro, 
the order of toxicity of various ipecacuanha alkaloids to EF. histolytica was 
found by Dale and Dobell to be: 


Demethoxyemetine > Methylpsychotrine > 
Emetine = Cephaeline > Psychotrine. 


Our observations indicate, however, that the minimal concentrations of these 
substances sufficient to inhibit growth and development assume a very 
different order. Emetine and cephaeline, in high dilutions, are extremely 
toxic, while the other alkaloids—unless present in very strong concentrations 
—appear to be almost without effect. As judged by our present experiments, 
emetine and cephaeline are at least fifty times as toxic to EZ. histolytica as any 
of the other alkaloids studied. 

Exactly how emetine, in very weak solutions, acts upon E. histolytica 
we do not know. This parasite, as Dale and Dobell observed, can sometimes 
withstand a 1 per cent. solution of emetine for at least half-an-hour. In a 
solution as strong as | part in 1000 it will, indeed, often live for many hours: 
yet we have been unable tocultivate it regularly and continuously in a solution 
as weak as | part in 50,000, and still weaker solutions are often lethal if allowed 
to act for some days. It might be suggested that emetine—even when present 
in very feeble concentrations—in some way impairs the reproductive powers 
of the amoebae, so that although they survive they cannot multiply, and the 
strain consequently comes to an end when the original individuals die. But it 
seems to us certain that emetine does not impair the reproductive powers of 
E. histolytica permanently, even when it acts for a considerable time: for if 
the emetine be removed, the amoebae resume their normal reproductive 
activities, as can be shown by experiments such as the following: Many 
normal amoebae were, on one occasion, inoculated into a culture-tube con- 











_—— _ =_ - ean wae ot fee 











C. DoBELL AND P. P, LAIDLAW 219 


taining emetine (1 in 1000). Next day, 17 hours after inoculation, the culture 
was examined. It was found to contain many dead amoebae, and many 
rounded and motionless forms—some of which, however, were judged to be 
probably still alive. In addition, a few actively moving and apparently normal 
individuals were seen. From this culture another tube, containing no emetine, 
was inoculated, and the process was repeated at 24 hours (7.e. 7 hours later). 
Both the subcultures, when examined subsequently, showed abundant growth 
of normal amoebae indistinguishable from those in cultures prepared from 
untreated organisms. 

Another possible explanation of the mode of action of emetine in cultures 
also suggested itself. Cultures of E. histolytica are never pure, but contain in 
addition to the amoebae numerous bacteria (derived from the initial inoculum), 
upon which they feed. It might be argued that emetine may act directly upon 
these bacteria, which it kills, and thus indirectly upon the amoebae—de- 
priving them of food, and killing them by starvation. We believe, however, 
that such an argument cannot be sustained; and for the following reasons. 
(1) While it is true that emetine in strong concentrations does affect the 
bacterial constitution of the medium—as we have often observed—it is also 
true that it does not kill all bacteria, even when it is present in concentrations 
as high as 1 per cent. Even in such strong solutions numerous bacteria can 
live and multiply, and so provide an ample source of nourishment for the 
amoebae. Moreover, in concentrations as weak as 1 in 50,000 (in which 
E. histolytica usually does not long survive), emetine appears to have little 
or no action upon the concomitant bacteria. (2) It might still be objected 
that emetine acts selectively upon the bacterial flora—killing off those forms 
which are specially suitable as food for the amoebae, and leaving others which 
are unsuitable or distasteful. That some species of bacteria are far more 
favourable than others to the growth of E. histolytica we have ourselves 
repeatedly observed in the course of our experiments, and we have therefore 
tested this possibility. It appears to us to be ruled out by the following 
considerations. E. histolytica and E. coli live and feed in cultures in a closely 
similar way. They both eat the same or similar bacteria when grown under 
identical conditions. In order that our cultures of these two species might 
have a like bacterial constitution, we cultivated the bacteria accompanying 
one of our strains of EF. histolytica (Strain D) separately: and the strain of 
E. coli used for the foregoing experiments was then grown from cysts (freed 
from most other bacteria by a special technique) which were hatched in a 
medium previously inoculated with the mixture of bacteria accompanying 
Strain D. These two strains of amoebae, therefore, have been maintained in 
bacterial environments which, if not identical, are at least closely similar, 
and contain many of the same species. Nevertheless, when we made our 
experiments with emetine we found that E. coli would tolerate a concentration 
of the alkaloid at least one hundred times as strong as that sufficient to inhibit 
the growth of EZ. histolytica. The discrepancy is so great, and the bacterial 
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composition of the media so similar, that we are forced to conclude that the 
alkaloid must exert its specific action—whatever it may be—upon the amoebae 
directly, and not upon the concomitant flora. 

Experiments performed by Dale and Dobell have already shown that when 
E. histolytica is exposed to the action of fairly strong solutions of emetine 
(1 in 10,000) for some time, the amoebae—even though visibly affected by this 
treatment—are not rendered non-infective. Whether emetine can in any way 
deprive EF. histolytica of its infectivity (as has been suggested in the case of 
some other substances, acting upon other parasites) need not, therefore, be 
discussed here—in the absence of all experimental evidence in favour of such 
an assumption. 

It seems to us legitimate to conclude, therefore, that emetine is a specifically 
lethal poison for E. histolytica. If this be true, then its therapeutic action in 
curing amoebic dysentery in man can be simply explained as a direct result 
of this property. Its effects in vitro and in vivo are closely parallel. Failure 
to demonstrate this parallelism in the past was, we believe, due to the cir- 
cumstance that the poisoning process—whatever it be—is slow, the alkaloid 
operating and producing its ultimate effect in a concentration far below that 
required to kill the parasites immediately. An extremely small amount of 
emetine, if constantly present in the intestine for some days or weeks, would 
probably suffice to make life therein impossible for E. histolytica—though not 
for E. coli. 

One of the chief reasons which led Dale and Dobell to conclude that 
emetine acts therapeutically upon EF. histolytica in some (unexplained) in- 
direct manner, was their unexpected discovery that infections with this parasite, 
though usually curable in man, are incurable in the cat. Administration of 
emetine to a cat suffering from amoebic dysentery does not influence the 
course of the disease, which is neither checked nor cured: and evidence was 
obtained to show that this difference of action, in the two hosts, is not ex- 
plicable by the assumption that certain strains of amoebae are more sus- 
ceptible to emetine than others—the same strain of Z. histolytica having been 
found “curable” in the one host, “incurable” in the other. That the host 
itself plays a part in the “cure” seems, therefore, certain. 

We are aware that Sellards and Leiva (1923) have recently controverted 
the statement that H. histolytica infections in kittens are incurable with 
emetine; but the experimental evidence which they adduce in support of their 
view seems to us to miss the point at issue. They argue that amoebic dysentery 
in the cat is a far more acute and rapidly fatal disease than it is in man—as 
everyone will readily admit: and that, consequently, emetine has a fair chance 
to cure a man but not to cure a cat—this animal usually dying before the drug 
has time to act effectively. Further, they show that if the emetine is admin- 
istered intrarectally—not hypodermically—shortly after the infecting amoebae 
have been inoculated into the large intestine, the infection may be eradicated 
by “direct action” of the alkaloid on the parasites. An obviously weak link 
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in this chain of reasoning is that a “cure” is here inferred from evidence of 
non-infection. If an animal is treated before it is certain that infection has 
become firmly established, and before the appearance of characteristic 
symptoms, it is at least debatable how far the treatment may have been 
responsible for the result observed. 

But we do not wish to stress this aspect of the work of Sellards and Leiva. 
We wish rather to point out that they have, in their experiments, confirmed 
the observation of Dale and Dobell that emetine, when administered hypo- 
dermically or orally to a cat suffering from amoebic dysentery, usually has 
no curative effect. Similar observations have also been made by Mayer (1919); 
and we are convinced that all these experiments together show that there 
is a definite and real difference between cat and man in their reactions to 
emetine. A man suffering from amoebic dysentery, which may even be very 
severe and of long standing, often responds as if by magic to one or two 
hypodermic injections of emetine. A cat, on the other hand, usually responds 
not at all; and even if emetine is injected for several days before the amoebae 
are introduced into its intestine, this does not prevent infection and ultimate 
death (Dale and Dobell). 

It seems to us that these apparently discrepant observations are capable 
of a simple explanation. Emetine, according to our experimental results, has 
a direct and specific but slow toxic action upon E. histolytica. When it reaches 
the intestinal contents, in even minute quantities, it probably kills the 
amoebae gradually. The difference between its behaviour in man and in the 
cat is explicable on the assumption that these two animals deal with the 
alkaloid in different ways. When emetine is administered hypodermically 
to a man it gives rise to diarrhoea, and other symptoms of intestinal irritation: 
and it can also cure, in this host, an intestinal infection with E. histolytica. 
From this it may be inferred that it is, at least in part, excreted into the 
intestine!. But when emetine is administered by the same route to a cat it 
gives rise to symptoms of renal irritation, which may—if the treatment is 
prolonged—become severe. This has been shown by Dale (1915), and one of 
us (P. P. L.) has made similar observations. We infer from this that, in the 
cat, most of the emetine is rapidly excreted in the urine. It does not reach, or 
remain in, the lumen of the intestine in sufficient quantity to be effective, and 
therefore does not affect the amoebae in this situation. 

Accordingly, we would refer the different therapeutic effects of emetine 
in a man and in a cat to a difference in the distribution of the alkaloid in the 
body. In order that it may act directly—as our experiments seem to indicate 
that it does—it must reach the environment in which the amoebae are living. 
There is evidence that in man it does reach this destination—the contents of 
the large bowel—while in the cat it may not. It is well known, moreover, 





1 Mattei (1920) and others have shown that emetine is, in man, ultimately excreted in the 
urine. But the excretion is slow—continuing for days or even weeks—and this does not neces- 
sarily prove that it is not, in the first place, excreted into the intestine. 








222 Action of Ipecacuanha Alkaloids on Entamoeba, ete. 


that in man emetine acts more effectively—both in curing amoebic dysentery 
and in ridding carriers of their infections—when administered per os than 
when injected hypodermically or intramuscularly: and this is doubtless 
because more emetine thus reaches the large intestine. It is possible that, in 
the cat, the alkaloid never reaches the colon at all when it is given by the 
mouth or subcutaneously, but only when directly introduced into it per anum. 
If this is so, it would account for the curative effects observed by Sellards and 
Leiva, whose results—on this supposition—are thus consonant with the hypo- 
thesis of direct action and also with the apparently contradictory observation 
that emetine, when administered hypodermically, is able to cure amoebic 
dysentery in human beings but not in kittens. 

Certain rare human beings, when infected with EF. histolytica, appear to be 
incurable with emetine—however administered, and even wher given in large 
amounts for a long period. We ourselves have studied several such cases. It 
has often been suggested that the amoebae in these patients have become 
“emetine-resistant,”’ as a result of prolonged and unsuccessful treatment: but 
there is no good evidence in favour of such a supposition, and considerable 
evidence against it. In our present experiments, for example, we have not 
found it possible to obtain a strain of E. histolytica resistant to emetine; and 
we are therefore very doubtful whether this parasite is able to acquire a 
tolerance, beyond that which it naturally possesses, to this alkaloid. It seems 
to us more probable that the explanation of these “incurable” human cases 
is to be sought in the patient rather than in his parasites: and we would suggest 
that the “incurability” may be due to the fact that these rare individuals deal 
with the emetine given to them in the same way that the cat does—excreting 
the drug rapidly in the urine, so that little or none of it reaches the contents 
of the bowel. Analysis of the urine and faeces of such cases, and comparison 
of the results with those obtained from a study of patients readily cured of their 
infections by emetine, would furnish a test of the validity of this hypothesis— 
a test which we are not ourselves, unfortunately, in a position to carry out. 

To us it appears that our own experiments not only give strong support 
to the view that emetine, when employed as a remedy in amoebic dysentery, 
acts directly, by its gradually poisonous effects—when present in minute 
quantities for a prolonged period—upon E. histolytica; but it seems to us also 
not improbable that our conclusions may have a much wider application in 
other chemotherapeutic problems. The time-factor, which we have found to 
be all-important in the present investigations, has hitherto been neglected; 
but it may be of equal importance in many other cases where there is an 
apparent inconsistency between the observed toxicity of a given drug to a 
given parasite when studied in the body and when studied in the test-tube. 
We think, for example, that theories postulating the indirect action of various 
“trypanocidal” substances should not even be considered until it has been 
proved that such substances do not exercise a slowly poisonous action akin 
to that of emetine on E. histolytica. It is clearly not sufficient to expose 
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trypanosomes to a given drug for a few minutes—or even hours—or to 
ascertain what concentration of the drug is instantaneously fatal. Experi- 
ments must be devised to determine the effects of prolonged exposure to con- 
centrations which do not kill immediately, before the possibility of direct 
action can be excluded. We think it likely that, if such experiments were made, 
new light would be thrown upon the chemotherapeutics of salvarsan, “ Bayer 
205,” and various other “spirochaeticidal” and “trypanocidal” substances 
whose precise mode of action is still, at the present moment, a matter of 
dispute. 
CONCLUSIONS. 

(1) Emetine and Cephaeline have been found to be specific poisons for 
Entamoeba histolytica under cultural conditions. 

(a) For this amoeba (in culture) these alkaloids are at least 50 times as 
poisonous as Zsoemetine, Psychotrine, Methylpsychotrine, Demethoxyemetine, 
or Noremetine. 

(6) For this species also Emetine has been found to be about 10 times as 
poisonous as Stovarsol, and about 50 times as poisonous as Quinine—under 
identical conditions of experiment. 

(2) Entamoeba coli, Entamoeba gingivalis, and Endolimax nana have been 
found comparatively insensitive to the presence of Emetine in cultures— 
E. coli being able to withstand a concentration of the alkaloid at least 100 
times that which is lethal to E. histolytica. 

(3) The effects of solutions of Emetine on E£. histolytica are peculiar. Very 
strong concentrations (1 per cent. or more) are needed to kill this parasite 
instantaneously : but only very weak solutions (1 in 50,000 or less) are necessary 
to kill it if allowed to act for a sufficient time. 

(4) In view of these findings it is concluded that the curative effects of 
Emetine in human amoebic dysentery are best explained as a result of the 
direct lethal action of the alkaloid on £. histolytica. 
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THE animal under consideration, or one very like it, has been observed by most 
collectors of parasitic Copepoda since the publication by Grant appeared in 
1827. All authors subsequent to Grant have placed it in the genus Lernaeopoda. 
Whilst there is a singular unanimity that the area of fixation is the eye, there 
is a considerable divergence with regard to the host: thus, while Grant 
originally found it upon the Greenland shark, Scott (1912) records the principal 
host as Lamna cornubica (which he also calls the Greenland shark), and quotes 
Norman as having obtained a specimen from Mustelus vulgaris at Polperro. 
Wilson (1915), an accurate observer, has no record of the host for most of the 
specimens he examined but stated that one came from a shark. Jt does not 
however follow that all these animals are of the same species. The following 
description is based on two specimens taken from the Arctic shark Squalus 
borealis = Somniosus microcephalus (Syn. Laemargus and Scymnus) off Green- 
land on 11. viii. 1923, by W. S. Bristowe. 

Wilson (1915) erected the genus Salmincola for certain species previously 
included under Lernaeopoda; I believe that all the characters which induced 
Wilson to found his genus, with one important exception, apply equally well 
to the animal under consideration. 

These characters are: 

(1) The curious basal insertion of the second maxillae, attached at the 
sides of the cephalothorax on a level with the dorsal surface and just outside 
the bases of the maxillipedes. 

(2) Abdominal appendages reduced to mere knobs. (Absent in Salmincola.) 

(3) Eggs minute: egg-strings unusually long and slender. 

(4) A small projection on the basal joint of the maxillipedes, plainly 
figured by Wilson in S. oquassa (Pl. XXXI, fig. 40). 

Further the male (Wilson, Pl. XX XIX, fig. 98) does not resemble that of 
Lernaeopoda (Wilson, Pl. XXV, fig. B and Leigh-Sharpe, 1918) since it lacks 
the mediative processes and the large abdominal appendages turned forward 
dorsally, besides exhibiting minor differences of conformation. 
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The animal under consideration cannot however be placed in the genus 
Salmincola because it possesses a dorsal carapace on the cephalothorax, and 
its trunk shows traces of segmentation: yet since on the whole it shows a 
sufficient number of characters to separate it from Lernaeopoda I propose the 
erection of the genus Ommatokoita for its reception. 

Whilst I strongly suspect that “Greenland shark,” “Arctic shark,” and 
the vague appellations “shark” or “large shark” all denote Somniosus micro- 
cephalus yet I cannot assert that it was upon this fish that Grant found his 
species elongata since Scott appears to be under the impression that it was 
found upon Lamna cornubica. Admitting that the specific name elongata has 
priority, yet having regard to the uncertainty of the host of Grant’s original 
specimen and to the fact that he did not completely describe the appendages, 
I consider it better to retain the name elongata for the specimens from Lamna 
described by Scott (1912) and to introduce the new specific name superba for 
those undoubtedly taken on the eye of Somniosus. 

A description of this species becomes necessary because Wilson (1915) 
unfortunately did not figure the female, and my specimens agree in all im- 
portant particulars with Wilson’s description of L. elongata, whilst differing 
distinctly from the animal described by Scott and Scott under the same 
name. 

Body. The outline of the animal is best seen from Fig. 1. The dimen- 
sions of the best formalin-preserved specimen are: Cephalothoraz 4-5 mm.; 
Trunk 12-5 mm.; 2nd Mazillae 15 mm.; Ovisacs 17 mm.; in length. It is to 
be noted that Wilson’s measurements differ considerably. The animals are 
greyish white and yellowish white in colour; one specimen is dark grey dor- 
sally, white ventrally. The ovisacs are distinctly longer than the trunk, bright 
brown, cylindrical, of uniform width, not tapering, and contain from 20 to 30 
longitudinal rows of minute eggs, about 100 eggs in a row. Wilson suggests 
that the Copepodid larvae cannot attach themselves to any other portion of 
the host’s body than the eye where they are always found; this, if true, would 
greatly restrict their chances of survival, and so would necessitate a much 
larger number of eggs. 

The Cephalothorax (Fig. 1 C.) is comparatively small, inclined to the trunk 
axis, oval in outline, strongly flattened dorsi-ventrally, and covered with a 
distinct dosal carapace. 

The Trunk (Tr.) is greatly depressed dorsi-ventrally, twice as long as wide, 
elliptical in ventral aspect, with a zow of pits or depressions along either side 
of the mid-dorsal line. The first two segments of the trunk are distinctly 
differentiated and form a well-marked neck (N.), a feature not seen in Lernaeo- 
poda where the two segments can be distinguished but are not separated by 
a groove or constriction, and do not form a neck. The posterior end has 
rounded corners, and, in the centre, between the bases of the ovisacs, and on 
a level with the ventral surface, there is a pair of abdominal appendages (4.A.) 
which are reduced to mere knobs. 
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The mouth cone is large and prominent; it has been so broken up in the 
mounting of a flat preparation that it is not included in Fig. 2. The lips are 
as in Lernaeopoda. 

The Appendages, all paired, are (Fig. 2): 

Antennule (A.*) four-jointed, resembling that of Lernaeopoda, basal article 
enlarged, somewhat, spherical and having a spiral turn upon itself. Of the other 
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A. B. 


Fig. 1. Ommatokoita superba 9. A, in lateral aspect; B, in ventral aspect. B.=bulla; 2 Mz.= 
second maxillae; Jn.=insertions of the base of the second maxillae; C.=cephalothorax; 
N.=neck; Tr. =trunk; A.A. =abdominal appendages; Os. = ovisacs. 


articles the terminal is the largest and the middle much the smallest. The 
terminal article is capped by two larger spines and one smaller one. It is 
probable that some spines have been broken off. The remaining article bears 
a prominent seta. 

Antenna (A.*) consisting of a basal article bearing a large unjointed endo- 
podite with a round or blunted end carrying neither spines nor setae, and a 

















227 


minute exopodite inserted on the side of the endopodite. Wilson has also drawn 
attention to the small size of this exopodite, stating that it is tipped by four 
spines; it appears to be thumb-like with one spine terminal and three sharp 
spines grouped on the ball of the thumb. 

Mandible (Mn.) much damaged, base somewhat triangular. Wilson states 
that there are eight comb-like teeth of equal size. I can only distinguish six 
principal teeth, and two secondary teeth between the 4th.and 5th principal. 
But the teeth do not extend to anywhere near the tip of the mandible, which 
suggests, if it is safe to make an analogy with Lernacopoda, that some have 
been broken off by accident. 


W. H. LeicH-SHARPE 





Fig. 2. Ommatokoita superba 2, some of the anterior appendages. A.1=antennule; A.?=antenna; 
Mn. =mandible; Mz.1=first maxillae; 2x. =exopodite. 


The 1st Mazilla (Mz.) resembles that of Lernaeopoda scyllicola. There is 
a large unsegmented endopodite and a well-developed jointed exopodite (£z.) 
or palp tipped with three short curved spines having enlarged bases. The 
endopodite is tripartite at the distal end, one ramus being terminal and the 
other two on the inner margin. Each ramus ends in a mammillated spine. 
Projecting outwards from the base of the proximal ramus is a well-developed 
seta. 

The 2nd Mazillae (Fig. 1, 2. Mz.) are stout, more or less wrinkled, longer 
than the trunk and joined at the tip to a stud-like bulla. They are attached to 
the cephalothorax laterally on a level with the dorsal surface, and just 
outside the bases of the maxillipedes. In one of my specimens the bu!la is 
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absent, and in the other it is very small and only the manubrial portion 
remains. 

The Mazillipede (Fig. 3) consists of a moderately stout basal article, and 
a terminal article ending in a large curved claw capable of flexion against the 
basal article. This article, on its inner side bears a short process ending in 
a blunt spine. As this process is recorded by Scott and Scott for the species 
elongata as well as by Wilson it can at present be regarded as a generic cha- 
racter. Wilson however states that the process is covered with “ bristling hairs.” 
The cushions of spines, so characteristic of the basal articles of the maxillipedes 
of Lernaeopoda, are thus distributed: (a) a pair of cushions, side by side im- 
mediately below the terminal article and lying between it and the projection, 
(b) a single large cushion of spines posterior to the projection. The terminal 
article is elongated and bears (c) a small cushion of spines close to the base 





Fig. 3. Ommatokoita superba 9. The maxillipede. 


of the terminal claw, opposite the paired cushions of the basal article. A small 
process, bearing a claw and suggesting an exopodite, occurs on one side of the 
terminal article less than midway along its length. 

A copepod was taken by Brian (preliminary note, 1908, more fully de- 
scribed, 1912) on Etmopterus spinax which he named Lernaeopoda spinacis, 
but which Wilson transferred to his genus Lernaeopodina in 1915 chiefly 
because of its male characters. Lernaeopoda spinacis (Brian, 1908) does not 
conform perfectly to the diagnosis of any of the genera Lernaeopoda, Lernaeo- 
podina and Ommatokoita. The males of Lernaeopodina and Ommatokoita greatly 
resemble one another except in the general conformation of the body which it 
is so difficult to describe in words. From Brian’s figures of L. spinacis it does 
not appear that the female has small knob-like paired abdominal appendages, 
but a median ventral genital (?) prominence and a well-developed carapace, 
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neither of which features is a character of Lernaeopodina. It also differs from 
Ommatokoita in not being located on the eye of Etmopterus, and, though it 
possesses a neck, that region is not differentiated into two segments. On the 
whole it resembles the genus Ommatokoita more than either of the others. 


OMMATOKOITA SUPERBA. 


Generic characters of Female. A distinct dorsal carapace on the cephalo- 
thorax. The genus somewhat resembles Lernaeopoda, but differs in that the 
second maxillae arise at the sides of the cephalothorax on a level with the 
dorsal surface and just outside the bases of the maxillipedes; the abdominal 
appendages reduced to mere knobs; the first two segments of the trunk are 
not only distinctly marked off but form a decided neck; ovisacs unusually 
long; eggs minute and numerous (adapted to the seat of fixation on the host, 
viz. the eye). A projection on the inner side of the basal article of the maxilli- 
pedes is probably generic. 

Generic characters of Male. Region of mouth cone well developed; animal 
very deep dorsi-ventrally; dorsal carapace large; no mediative processes; 
abdominal appendages (anal laminae) minute, not curled dorsally. 

Specific characters of Female. Second maxillae longer than trunk; ovisacs 
half as long again as trunk; trunk strongly flattened dorsi-ventrally, elliptical 
in ventral outline, about twice as long as wide with a row of pits or de- 
pressions lateral to the mid-dorsal line. Exopodite of antenna minute, thumb- 
like, with four spines, one of them terminal. First maxilla with a palp. Second 
article of antennule and proximal ramus of the tripartite endopodite of the 
first maxilla furnished with a conspicuous seta. Mandible with at least six 
primary, and two secondary teeth; base triangular. Maxillipede with stout 
basal article bearing three cushions of spines, a pair side by side between the 
terminal article and the process, and one proximal to the process. Terminal 
article with a cushion of spines and an accessory claw on a small process some 
distance from the terminal claw and suggestive of an exopodite. 

My best thanks are due to Miss Edith C. Humphreys for kindly executing 
the figures. 
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ON A COLLECTION OF BURMESE CESTODES. 


By F. J. MEGGITT, M.Sc., Px.D. 
Professor of Biology, University of Rangoon. 


(With Plate X and 1 Text-figure.) 


TuE following paper lists the species of cestodes, not hitherto described by the 
author, obtained from Burmese animals during the years 1923-5. Many of 
the specimens were collected by Miss I. K. Reynolds while working in the 
Zoological Department of University College: the writer wishes to acknowledge 
his indebtedness to her for the use of data, material and slides. He also wishes 
to express his thanks to the Trustees of the Victoria Memorial Park for per- 
mission to collect helminths from animals dying in the gardens. 

Types of Choanotaenia innominata, C. magnicirrosa, Raillietina facile, 
R. flaccida and R. reynoldsae have been sent to the Molteno Institute for 
Parasitology, Cambridge, and the British Museum, London; of Choanotaenia 
magnicirrosa, Raillietina facile and R. reynoldsae to the Bureau of Animal 
Industry, Washington: Laboratoire de Parasitologie, Ecole de Médécine, 
Paris: and Indian Museum, Calcutta. 


Family Anoplocephalidae. 
Anoplocephala manubriata Railliet, Henry and Bauche 1914. 
Host. Elephas maximus L. 1758. 
Locality. Toungoo. 
Obtained once in a post-mortem on a dead tame elephant. 


Moniezia expansa (Rudolphi 1805). 

Host. Capra hircus: Camelus bactrianus L. 1758. 

Locality. Slaughter-house: Victoria Memorial Park. 

Goats at the municipal slaughter-house show at all times of the year a 
high percentage of infection with this species. Great individual variety in the 
form of this cestode has been observed, but cannot be regarded as of much 
importance. The specimens from the camel were exceedingly numerous, almost 
completely choking several yards of the intestine. 


Oochoristica agamae Baylis 1919. 


Host. Hemidactylus gleadovii Murray. 
Locality. Rangoon. 
Occasionally found. 
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O. crassiceps Baylis 1920. 

Host. Calotes versicolor (Daud.). 

Locality. Rangoon. 

Very common. Agrees in most respects with the original description 
(Baylis, 1920, p. 292). Length 701. Rostellum absent. Suckers not directed 
anteriorly. Genital pore more posterior than in types: segments propor- 
tionately longer and testes more scattered longitudinally. Cirrus-sac increasing 
progressively in size posteriorly, maximum 0-019 in one specimen, 0-015 in 
another, extending internally to excretory vessels. Testes in the first specimen 
19-28 (average 23), in the other 25-32, all posterior to ovary and lateral to 
vitelline gland. Ovary much lobed. Uterus first present as a lobed sac, later 
as a complex reticulum, finally breaking down into egg-capsules extending 
laterally to excretory vessels. 


Stilesia centripunctata (Rivolta 1874). 

Host. Capra hircus. 

Locality. Slaughter-house. 

Found once. 

Family Davaineidae. 
Cotugnia digonopora (Pasquale 1890). 

Host. Gallus ferrugineus (Gmelin 1788). 

Locality. Victoria Memorial Park. 

At a post-mortem, four specimens of this species were found in company 
with six Amoebotaenia sphenoides, numerous individuals of an undetermined 
species of Raillietina, and a few nematodes. The specimens in no way differed 
from those from fowls. The host was extremely emaciated, with poor plumage 
and pale liver: death was in all probability due to the helminths. 


Cotugnia seni n.sp. (Pl. X, fig. 1). 

Host. Platycerus eximus (Shaw). 

Locality. Victoria Memorial Park. 

Sixteen specimens were found in a dead parakeet together with two nema- 
todes: as in the preceding case, the host was exceedingly emaciated. All the 
specimens possessed scoleces, a few had mature but none gravid segments. 
Maximum length 10, breadth 1-0. Scolex 0-36-0-45 dia. Rostellum 0-21-0-27 
dia., armed with a single row of 260 hooks, 0-0105-0-0125 long. All proglottides 
broader than long. Genital pore in anterior portion of proglottis margin, at 
bottom of shallow genital cloaca. Cirrus-sac slender, 0-19 long, extending 
slightly internally to excretory vessels. Coils of vas deferens few. Testes 
30-40, forming a single broad band across proglottis, only rarely lateral to 
excretory vessels. Receptaculum seminis large and spherical. Ovary and 
vitelline gland bluntly lobed. The species most closely resembling the present 
form are C. fuhrmanni Baczynska 1914 and C. joyeuxi Baer 1924, from 


1 All measurements in mm, 
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Galliformes and Columbiformes respectively. From the former it may be 
distinguished by the unarmed suckers, the greater number and smaller size 
of the rostellar hooks, and the smaller number of testes: from the latter by 
the larger size of the rostellar hooks and the cirrus-sac. I have great pleasure 
in naming this species after Dr Sen, Superintendent of the Victoria Memorial 
Park, Rangoon. 

Raillietina facile n.sp. (Pl. X, fig. 2). 

Host. Tragopan satyra (L. 1766). 

Locality. Victoria Memorial Park. 

Over fifty specimens were obtained from the duodenum of a dead pheasant. 
The bird was very emaciated and the intestine full of a white mucus: death 
was probably caused by the cestode. Maximum length 4, breadth 0-7. Number 
of proglottides 15-20. Rostellar hooks 85, 0-0103-0-012 long, in a single row. 
Acetabular hooks 0-009-0-011 long, probably in 3-4 rows but owing to their 
deciduous nature impossible to state definitely. Genital pore unilateral, in 
centre of proglottis margin, at bottom of a shallow genital cloaca. Cirrus-sac 
0-18 x 0-08, in young segments extending past centre of proglottis but 
occupying proportionately less space posteriorly: in abnormal cases it may 
occupy practically the whole of the proglottis, always the greater part of the 
length: it is the most conspicuous structure in the segment. Cirrus armed. 
Testes 9, 3 poral, remainder aporal, lateral to female glands. Ovary small, 
bilobed, each lobe entire, slightly poral. Vagina with large spherical swelling 

—nearly as large as cirrus-sac—near genital pore. Eggs singly in capsules, 
not extending laterally to excretory vessels but otherwise entirely filling the 
segment. The species most closely resembling the present form is R. numida 
(Fuhrmann, 1912): this differs in the larger number and smaller size of the 
rostellar hooks, the larger size of the strobilus, the position of the testes, the 
shape of the vagina and the general appearance. 


R. flaccida n.sp. (Pl. X, fig. 3). 

Host. Imperial sand grouse. 

Locality. Victoria Memorial Park. 

Six specimens from a dead bird. Length 130-150, maximum breadth 1-2. 
Rostellar hooks 150,.in two rows, 0-017 and 0-022 long. Suckers unarmed. 
Genital pore unilateral, slightly anterior. Cirrus-sac small, maximum size 
0-1 long, extending to nerve. Testes 14-17, 5 poral, remainder poral with a 
single row posterior to female glands. Ovary bilobed, each lobe entire. Egg- 
capsules 80 per segment, each containing 8—9 eggs and extending laterally to 
excretory vessels, 

R. fuhrmanni (Southwell 1922). 

Host. Crocopus phoenicopterus (Latham 1790). 

Locality. Victoria Memorial Park. 

From the duodenum were obtained numerous specimens of all sizes, 


agreeing with the original description except for the smaller size, 0-087—0-098, 
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of the cirrus-sac, probably due to the absence of the more mature segments. 
Suckers armed with 2-3 rows of hooks. Rostellar collar absent. Ovary not 
bilobed but consisting, when young, of 3-4 large, entire, spherical lobes, when 
mature sac-like. 

R. microscolecina (Fuhrmann 1909). 

Host. Cacatua moluccensis (Gmelin). 

Locality. Victoria Memorial Park. 

Rostellar hooks 160-200 (Fuhrmann, 180), 0-013-0-014 long (Fuhrmann, 
0-0108-0-013). Acetabular hooks in 7 rows anteriorly, a single row or absent 
posteriorly. Genital pore slightly anterior. Maximum length of cirrus-sac 
0-15 (Fuhrmann, 0-048-0-088). Approximately 45 egg-capsules per segment: 
each contains at first a single egg, later groups of 1-3, finally 7. The appear- 
ance suggests that the eggs are first shed from the uterus into the parenchyma, 
become enclosed separately by modified parenchyma, and that the final 
capsules are formed by the coalescence of the primary capsules. 


R. reynoldsae n.sp. (Pl. X, fig. 4). 


Host. Corvus splendens insolens Hume 1874. 

Locality. Rangoon. 

Length 250, maximum breadth 3. Scolex 0-38 dia. Rostellum 0-11 dia., 
armed with a double circle of approximately 250 hooks, 0-011-0-017 long 
(average 0-012-0-013, very few measurements did not fall within these limits), 
the hooks of the 2 rows being of the same size and alternating with one another. 
Surrounding rostellum a spiny collar, 0-18—0-21 dia., similar to that already 
described for R. torquata, ete. Suckers armed with 5 rows of hooks, diminishing 
in size towards the interior. Genital pore at anterior third of proglottis margin. 
Cirrus-sac 0-13-0-212 long, the largest size being in the more posterior seg- 
ments, the smallest in the more anterior: all measurements were taken from 
fully mature or gravid proglottides. In view of the wide range of variation 
in size of this organ, measurements without mention of maximum size and 
portion of body are useless. In all cases the cirrus-sac just crossed the nerve 
without reaching the excretory vessels, a character more constant but not 
mentioned as often as the size. Testes in two clearly separated groups, 7-12 
(average 9) poral, 26-27 
a single egg and extend externally to the excretory vessels, in gravid segments 


aporal. Ovary much lobed. Egg-capsules each contain 


reaching the subcuticula. The species is most closely related to R. corvina 
(Fuhrmann, 1905) but differs from it in the greater number and smaller size 
of the rostellar hooks and the larger size of the cirrus-sac. | have much 
pleasure in naming it after Miss Reynolds in acknowledgment of the help 
received from her. 

In one crow containing numerous examples of this species, the wall of the 
posterior portion of the intestine was studded with numerous small tubules, 
3-0 dia., some level with and hardly to be distinguished from the intestine, 
others spherical or ellipsoidal and only attached to it by thin threads. The 
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former contained scoleces of R. reynoldsae, entirely separated from the lumen 
of the intestine and from any strobilus. The latter were extremely tough, 
consisting of several strata surrounding a central cavity containing pus and 
a larval tapeworm. The tapeworm was solid, contained few calcareous cor- 
puscles and numerous oil globules, a few brown but the majority colourless: 
scolex and hooks were entirely absent. The penetration of cestode scoleces 
into the intestinal wall has already been recorded in the cases of R. echino- 
bothrida (Mégnin, 1880) and R. penetrans (Baczynska, 1914). No record exists 
of any larval form in the intestinal wall of birds. 


R. sp. 

Host. Gallus ferrugineus (Gmelin 1788). 

Locality. Victoria Memorial Park. 

From the same host as Cotugnia digonophora. Greatest length 8, breadth 
0-3. Scolex 0-19 dia. Rostellum 0-04 dia., armed with a single crown of 
approximately 100 hooks, 0-011-0-013 long, easily lost. Suckers unarmed. 
Proglottides approximately 30, end ones longer than broad but all either 
immature or sterile, no trace whatsoever of genital organs could be found. No 
species of this genus possessing these characters has been recorded from Galli- 
formes and only R. columbae (Fuhrmann, 1908) from birds in general. In view 
of the scanty information available it is not advisable to create a new species. 


Family Hymenolepididae Railliet and Henry 1909. 
Amoebotaenia sphenordes (Railliet 1892). 

Host. Gallus ferrugineus. 

Locality. Victoria Memorial Park. 

From the same host as the preceding species. Larval stages of this species 
have been found encysted in the intestinal wall of Pheriima peguana (Rosa, 
L890). 

Choanotaenia barbara n.sp. (Pl. X, fig. 5). 
Text-fig. 1 a. 

Host. Passer montanus (L. 1766). 

Locality. Rangoon. 

Length 20-30, breadth 0-85. Scolex 0-02 dia. Rostellum 0-01 dia., armed 
with 23 hooks 0-V17 long. Genital pore almost at anterior corner of proglottis. 
Maximum size of cirrus-sac 0-019, extending internally to longitudinal excre- 
tory vessels (rather immature in Fig. 5). Testes 24-26, posterior to ovary; 
latter much lobed. Vitelline gland rather poral and facing towards genital 
pore. Uterus sac-like. Gravid segments with eggs external to excretory vessels 
and uterine walls indistinct. The descriptions of C’. aplerygis (Benham, 1900), 


C. dominicana Kailliet and Henry 1909, C. marolela Neveu-Lemaire 1912, 
C'. slesvicensis (Krabbe, 1882), C’. soricina (Cholodkovsky, 1901), Anomotaena 
minuta (Benham, 1900) and A. quadrata (Rudolphi, 1819) are inaccessible in 
Rangoon and therefore have not been compared with this and the two following 
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forms: in addition those of C. passerellae Cooper 1921, C. taylori Johnston 
1912, A. aurita (Rudolphi, 1819) and A. volvulus (Linstow, 1906) are not 
sufficient for identification. None of these forms are from the Passeriformes. 
From the remaining species of the genera Choanotaenia, Anomotaenia and 
Monopylidium the present three forms are distinguished by the characters 
described. 
C. innominata n.sp. (Pl. X, fig. 6). 
Text-fig. 1 b. 

Host. Finch, genus and species unknown. 

Locality. Rangoon. 

Length 24, breadth 0-8. Scolex 0-11 dia. Rostellum 0-03 dia., armed with 
a single row of 26 hooks, 0-015-0-017 long. Genital pore in anterior quarter 
of proglottis margin. Maximum size of cirrus-sac 0-2-0-24, extending to or 
just past excretory vessels in mature segments and definitely passing them 
in gravid. Testes 18-20, entirely posterior to ovary. Vitelline gland central 
but facing genital pore. Ovary poral, much lobed. Receptaculum seminis 
lateral to ovary. Uterus sac-like, later with walls almost invisible. 
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Text-fig. 1. Rostellar hooks. a, Choanotaenia barbara n.sp.; b, C. innominata n.sp.; c, C. magns- 
cirrosa n.sp.; d, Hymenolepis farciminosa (Goeze); e, H. acridotheridis (Parona) after Parona. 


Note. The scales denote 0-01 mm. (i.e. the magnification varies). 


C. magnicirrosa n.sp. (Pl. X, fig. 7). 
Text-fig. 1 ¢. 

Host. Acridotheres tristis (L. 1766). 

Locality. Rangoon. 

Length 15, breadth 0-6. Scolex 0-25-0-3 dia. Rostellum 0-08-0-09 dia., 
extending past anterior but not past posterior margin of suckers, armed with 
a single circle of 22-24 hooks 0-018—0-019 long. Genital pore in anterior third 
of proglottis margin. Maximum size of cirrus-sac 0-25-0-35, extending ob 
liquely to centre line and anterior margin of segment. Testes 27, posterior, 
larger and more closely aggregated together than in the two preceding species. 
Ovary anterior to testes, slightly poral, bilobed, with a long isthmus joining 
the lobes and the lobes subdivided laterally, the aporal larger than the poral. 
Gravid proglottides absent. 
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Fimbriaria fasciolaris (Pallas 1781). 
Host. Anas boschas dom. 
Locality. Rangoon. 
Specimens small, 10 x 0-8. Scolex absent, pseudoscolex poorly developed. 


Hymenolepis clerct Fuhrmann 1923. 

Host. Passer montanus (L. 1766). 

Locality. Rangoon. 

Rostellum extending nearly to posterior margin of suckers, rostellar hooks 
0-02-0-023 long. Maximum size of cirrus-sac 0-188-0-26, passing excretory 
vessels. In a previous paper this organ was said to be 0-089 long, the great 
difference showing how little reliance may be placed upon its measurement. 


H. farciminosa (Goeze 1782). 
Text-fig. 1 d. 

Host. Acridotheres tristis (L. 1766). 

Locality. Rangoon. 

Length 720, breadth 1-0. Scolex 0-265 dia. Rostellum 0-1 dia., extending 
as far as posterior margin of suckers, armed with 10 hooks 0-018-0-021 long 
(average 0-018-0-019: Krabbe 0-02-0-023). Genital pore slightly anterior in 
young segments, but in older in centre of proglottis margin. Cirrus-sac 0-18- 
0-3 long (Volz 0-12), the size varying greatly according to the position in the 
strobilus, extending slightly internally to excretory vessels. One aporal testis 
anterior and usually rather external to the other. Ovary extraordinarily 
deeply lobed, each lobe being approximately spherical and attached only by a 
narrow filamentous portion. Uterus partly septate. External vesicula seminalis 
not passing centre of proglottis. 

Taenva acridotheridis (Parona, 1889, p. 767) has been recorded from Acrido- 
theres albocinctus in Burma. The rostellar hooks (Text-fig. 1 e) are 16, 0-075 long, 
and of the same shape as those of H. farciminosa: the genital pore is unilateral 
and posterior. Other characters are not given. In view of the great similarity in 
the shape of the hooks, the unilateral genital pore, the same genus of host and 
the same country of origin it is probable that this form is also a Hymenolepis. 


Family Taeniidae. 
Multiceps multiceps (Leske 1780). 
Host. Sus cristata Wagner 1839. 
Locality. Slaughter-house. 
A few cysticercoids have occasionally been found amongst the floor 
washings and discarded viscera. It is impossible to state from which part of 
the body they originated. 


Taenia hydatigena (Pallas 1766). 
Host. Capra hircus. 
Locality. Slaughter-house. 
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Numerous cysticercoids from all-parts of the body. The majority of goats 
are infected. 


F. J. Mreaoirr 






























Taenia taeniaeformis (Batsch 1782). 


Host. Felis domestica. 
Locality. Rangoon. 


Order PPEUDOPHYLLIDEA. 
Family Diphyllobothriidae. 
Diphyllobothrium reptans (Diesing). 
Host. Tropidonotus stolatus (L.) Type sp. 


Locality. Rangoon. 
Numerous specimens from connective tissue. 


Order TETRAPHYLLIDEA. 
Family Ichthyotabnitdae. 
Acanthotaenia sp. 

Host. Bungarus fasciatus (Schneider). 

Locality. Rangoon. 

Eleven specimens from intestinal wall, enclosed separately in thick cysts. 
Scolex with small apical sucker and four suckers covered with minute spines. 
Body solid, without invagination. 
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EXPLANATION OF PLATE X. 


Fig. 1. Cotugnia seni n.sp. 
Fig. 2. Raillietina facile n.sp. 
Fig. 3. R. flaccida n.sp. 
Fig. 4. R. reynoldsae n.sp. 
Fig. 5. Choanotaenia barbara n.sp. 
Fig. 6. C. innominata n.sp. 
7 


Fig. 7. C. magnicirrosa n.sp. 
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ON A BACTERICIDAL PRINCIPLE PRESENT IN THE 
ALIMENTARY CANAL OF INSECTS AND ARACHNIDS. 
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INTRODUCTION. 


MacGreEGor (1917), in a review of the literature relating to insect vectors of 
disease, gives only the following as proved instances of natural conveyance 
of pathogenic bacteria: B. typhosus, B. paratyphosus A and B, B. dysenteriae, 
V. cholerae and M. melitensis conveyed, through the gross contamination of 
foodstuffs, etc. by muscid or muscoid flies; B. pestis through the bites of fleas 
and Diplococcus pemphigocontagiosus through the bites of lice. Morgan’s 
bacillus, which has been found frequently as a natural infection of wild flies 
in the presence of outbreaks of summer-diarrhoea, might be included, but the 
only notable addition to the list is the recently described Bacterium tularense, 
the cause of tularaemia, which is conveyed by various bloodsucking arthro- 
pods, chiefly Chrysops discalis, Stomoxys calcitrans and Dermacentor andersoni. 
Of all these arthropods the most important vectors are fleas in relation to 
plague. 

It seems therefore that arthropods play a much less important part in 
disseminating bacterial viruses (excluding Spirochaetes and the viruses of 
doubtful nature) than they do in propagating diseases caused by protozoa 
or metazoa, and, although more evidence on the subject is desirable, it seems 
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probable that some of the commoner pathogenic bacteria when taken up by 
an arthropod under natural conditions do not survive in it for long. 

Graham-Smith (1913) has shown, in the case of flies fed on cultures, that 
B. prodigiosus could survive in the crop only about 17 days. He recovered 
B. typhosus from the gut-contents up to the sixth day, B. enteritidis Gartner 
up to the seventh day and V. cholerae for two days after ingestion by the insect. 
Manson-Bahr (1919) found that B. dysenteriae Shiga, from.a culture, survived 
in the gut-contents of flies only four days, but his observations on naturally 
infected flies, collected in the Sinai Desert three miles from any possible source 
of infection, led him to think that these flies had carried the infection for a 
much longer time. To explain this, it might be suggested that bacteria taken 
up from faeces are more resistant than artificially cultivated strains, or that 
re-infection of flies can occur in nature through the insects taking up bacteria 
growing in food material previously infected by their own vomit or faeces. 
In this connection the work of Wollman (1921) is of interest. He found that 
when flies fed on cultures of B. typhosus or B. dysenteriae were kept unchanged 
in a vessel containing some cotton-wool moistened with milk and water the 
bacteria persisted in the flies for a very long time, but if the insects were 
transferred to aseptic surroundings daily they became free of the specific 
bacteria in about eight to ten days. 

Wollman attributes the disappearance of bacteria from the fly to causes 
wholly mechanical: “Cette auto-stérilisation parait étre le résultat de facteurs 
purement mécaniques,” and in support of this he points out that the bacteria 
eliminated in the faeces and regurgitated liquids are living, and that his 
explanation is consistent with the disappearance of very resistant forms such 
as anthrax spores. 

The failure of certain bacteria to survive in the fly’s gut applies not only 
to the imago but also to the larva and pupa. Thus Graham-Smith found 
that when the non-sporing bacteria, B. typhosus, B. enteritidis, B. prodigiosus 
and V. cholerae, from culture, were ingested by fly larvae, they soon died out 
and did not survive the metamorphosis of the insect. Morgan’s bacillus, 
however, appears in a few instances to have survived, and was recovered from 
the gut of imagines bred from infected larvae. B. anthracis, when taken up 
in the spore-free state from infected meat, did not live through the pupal stage, 
but the spores might do so, and be recovered from the resulting imagines. 

Bacot found that B. pyocyaneus survived in the fly’s gut through all stages 
from larva to imago. He guarded against re-infection of the emerging 
imagines by washing the pupae in lysol solution. 

Nicholls (1912), using larvae of Sarcophaga and Sarcophagula which he fed 
on faeces up to the time of pupation, observed a rapid disappearance of the 
faecal bacteria from the gut in many of the resulting pupae. He found that 
when B. typhosus, B. prodigiosus or S. aureus were added to the faeces it was 
often impossible to recover them from the gut of the larva four hours after 
feeding, and they were never recovered from the gut of the pupa. 
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Some experiments by Wollman (1921) with Musca, Calliphora and Lu- 
cilia showed that re-infection of the emerging imago by bacteria remaining 
on the surface of the pupa was common, and this might account for some of 
the records of bacteria surviving through the metamorphosis: he suggests 
that the apparent survival of anthrax spores in the pupa, in Graham-Smith’s 
experiments, may be explained in this way. 

To ensure the ingestion of pure cultures by larvae, and to guard against 
the possibility of re-infection of imagines, Wollman washed the flies’ eggs in 
weak perchloride of mercury solution to sterilise the exterior. The larvae 
hatched from such eggs were maintained under aseptic conditions and fed on 
sterilised food to which specific bacteria were added, and the resulting pupae 
were washed, like the eggs, in perchloride solution. With these precautions, 
no re-infection of the imago occurred, and it was shown that Bacillus typhosus, 
B. dysenteriae, B. anthracis and B. tuberculosis ingested by the larvae could not 
be recovered from the imagines. 

Many other experiments might be cited, but the foregoing suffice to show 
that conditions within the gut, in all stages of the fly, are inimical to the sur- 
vival therein of certain species of bacteria. 

The existence of a normal bacterial flora of the gut unfavourable to the 
establishment of alien bacteria, is discounted by the work of Nicholls and 
Wollman who found the gut-contents sterile when the alien organisms had 
been destroyed. Wollman attributes the disappearance of bacteria from the 
pupa to the mechanical effects of the changes in the structure of the gut during 
metamorphosis, and to phagocytosis in the hind gut. In support of this view 
he points out that when metamorphosis is checked, cultures may be obtained 
from the interior of the pupa even after a lapse of two months. This is a 
plausible suggestion, and its value might be tested by experiments on other 
insects, such as the mosquito, in which the metamorphosis is not accompanied 
by such drastic changes in the gut. It does not, however, explain the rapid 
destruction of bacteria in the larva, observed by Nicholls. 

Hindle and Duncan (1925) found that B. anthracis and Streptococcus 
faecalis, when taken up in large doses by Argas persicus, survived in the tick’s 
stomach indefinitely, and could be recovered from its faeces, while some other 
organisms, notably Staphylococcus aureus, soon died out. The tick’s gut-con- 
tents, tested in vitro, proved to be bactericidal to S. aureus and Bacillus 
subtilis, and it seems possible that some similar action may account for the 
disappearance of bacteria from the gut of the flies in the experiments pre- 
viously mentioned, and also for the absence of bacteria from the gut in many 
arthropods. 


THE AUTHOR’S OBSERVATIONS. 


The investigations recorded in the following pages were undertaken with 
the object of determining the nature of the bactericidal action, and its oc- 
currence or non-occurrence in various arthropods. 
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Material. The following arthropods belonging to different groups were 
investigated: Stomoxys calcitrans and Musca domestica, Anopheles bifurcatus 
and Aédes cinereus, Cimezx lectularius and Rhodnius prolixus, Argas persicus 
and Ornithodorus moubata. S. calcitrans, gorged with ox blood, were collected 
in stable yards, M. domestica from fields were fed on defibrinated rabbit blood. 
A. bifurcatus and A. cinereus, caught wild, were fed on human blood. R. pro- 
lizus, bred out, C. lectularius, received through the kindness of Dr Charles 
Porter, and O. moubata, kindly sent by Mr J. A. Griffith of Nyasaland, were 
all fed on rabbit blood. A. persicus, for which I am indebted to Mr H. H. King 
of Khartoum, were fed on fowls’ blood. It may be mentioned here that 
experiments with the blood of these different hosts did not disclose the ex- 
istence in any of the special properties possessed by the gut-contents of the 
arthropods. 

Methods. The arthropods were dissected—the flies and mosquitoes within 
two days, the bugs about a week and the ticks from a week to three months 
after feeding—and the stomachs, or their contents, collected and pooled in 
sterilised normal salt solution to make a concentration of about 1:10. No 
attempt was made to sterilise the external parts before dissection, but care 
was taken to avoid, as far as possible, any contamination of the stomach 
contents. With Stomoxys about 50 to 60 were added to a pool, with Argas 
about 20, Cimex about 30, the mosquitoes 12 to 15, Ornithodorus about 10 
and Rhodnius 6. 

Cultures taken from the pooled gut-contents and emulsions of the arthro- 
pods’ faeces, from sterilised tubes, gave the following results. 

Gut-contents of Stomoxys: B. pyocyaneus from one batch, B. prodigiosus 
several times, coliform bacilliand some lactose non-fermenting types frequently, 
and two species of Nocardia, apparently common earth saprophytes, one of 
which was almost constantly present. It is possible that some of these 
organisms may have been derived from the exterior of the fly, and it is worth 
recording that the contents of individual stomachs were sometimes found to 
be sterile. One batch of Aédes yielded B. coli communis, but the possibility 
of contamination from the external parts cannot be excluded. Another batch 
of Aédes and all the Anopheles gave negative results. These mosquitoes had 
been bred in a stagnant ditch heavily fouled with the faeces of horses and 
cattle, and, presumably, rich in faecal bacteria. The few specimens of Rhodnius 
examined all yielded a gram-positive bacillus, not yet investigated. 

No cultures were attempted from Musca. 

About a hundred Cimex and some hundreds of Argas and Ornithodorus 
examined gave negative results constantly. 

The faeces of Stomoxys yielded a Nocardia, various faecal bacteria and 
B. prodigiosus, but faeces were usually contaminated from the external parts 
of the fly. Isolated faecal deposits were sometimes found sterile. Faeces of 
Aédes, Anopheles, the two genera of bugs and the two genera of ticks were 
constantly sterile. 
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In connection with this remarkable sterility of the gut-contents of some 
arthropods, I am authorised by Dr Breinl of Prague, to state that, in his 
researches on typhus fever, he has dissected some thousands of lice, from the 
gut-contents of which he made cultures to ascertain if the insects carried 
B. proteus, and he has been struck by the invariable absence of bacteria. 

If the mosquitoes, on which a sufficient number of observations has not 
been made, be excluded, it will be noticed that those arthropods found 
constantly free of bacteria are strict blood-feeders, parasitic or semi-parasitic, 
and, no doubt, the absence of bacteria is due in some measure to the clean 
nature of their food. 


Tests for Bactericidal Action. 


Before testing, the specimen of gut-contents or faeces was heated to 60° C. 
for 30 minutes in a water-bath, to inactivate any bacteriolysin derived from 
the host’s blood, and to destroy any bacteria present. 

The tests were made on solid media and in liquid media. 

(a) Tests on a solid medium. An agar plate was sown with a culture of 
sufficient density to yield a confluent or semi-confluent growth, and, shortly 
after sowing, marked areas on the plate were treated with small quantities 
of the diluted gut-contents or faeces under investigation, applied with a 
platinum wire loop—in this way different specimens were tested with a culture 
of a single micro-organism—or, very light stroke cultures of different micro- 
organisms were made on the plate, and, immediately afterwards, each stroke 
was treated about its centre with a loopful of the test material. By this means 
several different cultures were tested on a single plate with one or more test 
liquids. After treatment, the plates were incubated at 37° C. for 24 hours. 

Bactericidal action was evidenced by complete failure of growth in the area 
treated with gut-contents or faeces, and in a zone of varying extent around 
this. Portions of agar from such a clear area, when added to broth medium, 
gave no growth, even when the plate had been sown with a culture of B. sub- 
tilis rich in spores. 

The results of tests with 18 species of bacteria are given in Table I. In some 
cases several strains of a species were used, and many tests were made with 
each strain. The reaction of the test liquids varied from pH 7-0 to pH 7-6, 
any acidity being corrected in diluting. The gut-contents were usually em- 
ployed at a dilution of 1:10. The faeces of the ticks were used fresh and 
undiluted, but those of the insects were emulsified in saline and the actual 
dilution could not be estimated. 

Table I shows that the bactericidal action, so far as it can be demonstrated 
on a solid medium, affects chiefly a group of sporing bacilli and the staphylo- 
cocci, and that, while the faeces of the insects were bactericidal, those of the 
ticks, even though used undiluted, were always inert. 

The faeces were less active than the gut-contents, and their activity, which 
seemed to increase with the shortness of the interval between feeding and 
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Table I. 
Stomoxys Musca Anopheles Cimexr Rhodnius Argas Ornithodorus 
caleitrans domestica and Aédes lectularius  prolixus persicus moubata 
aan, aa, a, aa, pan, aaa, a, 
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defaecation, may depend upon the passage of some unaltered material from the 
stomach. The faeces were most active in the cases of Stomoxys and the mos- 
quitoes, less in Cimex and least in Rhodnius. Only the true faeces were 
bactericidal; the whitish excretion of the malpighian tubes had no action. 

It was noticed that the gut-contents of Stomoxys and Cimex actually 
enriched the growth of B. pestis, while no such property was found in material 
from the ticks. This observation, which is of interest in view of what is known 
to occur in the case of the “plague flea,” was made use of by the writer in 
purifying a culture of B. pestis which had become contaminated with B. sub- 
tilis. It also has a bearing on the work of Nuttall (1897), who found that 
M. domestica when fed on plague tissues died, in some cases within a few days, 
presumably from the growth of the bacilli in the gut. The flies died within 
three days when the temperature was 28° C.—very nearly the optimum tem- 
perature for the growth of B. pestis. 

(6) Tests in a liquid medium. In order to investigate more fully the nature 
of the bactericidal action, and to do quantitative tests, a liquid medium was 
employed, but, as this necessitated the use of larger quantities of gut-contents 
than were required for the previous experiments, the investigation was limited 
to Argas, Ornithodorus and Stomoxys, and a few tests with Cimex and Rhodnius. 

About 0-2 c.c. of a 1: 30 dilution of gut-contents, heated to 60° C. as in 
the previous experiments, was dropped into a dwarf test-tube of 5 mm. 
diameter, and 0-05 c.c. of a young living suspension of bacteria containing 
about 12,000,000 organisms to 1 c.c. (estimated by plating) was added: 
when the micro-organism was found to be susceptible to the bactericidal 
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action, much larger doses of the culture were employed in the subsequent 
tests. The contents of the tube were thoroughly mixed, and a measured 
quantity (0-025 c.c.) was withdrawn and spread on an agar plate to serve as 
a control for comparison with similar platings made after incubation. The tube 
was then closed with a rubber cap over the cotton-wool plug, to prevent con- 
centration of the contents from evaporation, and incubated at 37° C. At fixed 
intervals during incubation, a measured quantity, as before, was withdrawn 
and plated. 

In many of the earlier tests, instead of plating small quantities at intervals 
from a single tube, a set of tubes containing similar mixtures of gut-contents 
and culture was put up, and the whole contents of a tube used for each plating, 
by adding them to 10 c.c. of melted agar at 50°C. and pouring the plate. 
One such plate was poured immediately, to serve as a dose control, and the 
other plates after incubation of the tubes at 37° C. for stated periods. 

A growth control test, in which inactivated normal horse serum was sub- 
stituted for the gut-contents, was usually added, and, in many of the tests, 
either the gut-contents suspension or the culture was arranged in a series of 
graduated doses. 

All plates were examined, and colonies identified and counted, after 24 
hours’ incubation at 37° C., except in the case of a slowly growing 
organism. 

The following is a summary of the results of these tests with the gut- 
contents of the arthropods referred to and various bacteria: 

A. persicus: Strongly bactericidal to B. subtilis, B. mesentericus, B. vul- 
gatus, S. aureus, S. albus, Streptococcus haemolyticus and M. catarrhalis. 
There was also a very feeble action against B. pestis and B. anthracis. There 
was no apparent action on B. typhosus, B. paratyphosus A and B, B. dysen- 
teriae Shiga, B. coli communis, B. pyocyaneus, V. cholerae, B. mycoides, B. abortus 
Bang, B. melitensis, B. prodigiosus and Streptococcus faecalis. 

O. moubata: Bactericidal to B. subtilis, B. mesentericus, B. vulgatus, 
S. aureus and S. albus, but the action on these organisms was always very 
much feebler than that of material from Argas. There was no immediate action 
on any of the other micro-organisms mentioned under Argas, but it was found 
occasionally that organisms which were not destroyed, but actually multi- 
plied, during the first 6 or 8 hours, died out before the end of 24 hours. This 
occurrence was very inconstant, and was observed only with material from 
Ornithodorus acting on B. dysenteriae Shiga, B. pestis, B. anthracis and 
V. cholerae. 

S. calcitrans: Bactericidal to B. subtilis, B. mesentericus, B. vulgatus, 
B. anthracis, S. aureus, S. albus and, inconstantly and incompletely, V. cho- 
lerae and B. dysenteriae Shiga. Occasionally B. mycoides was slightly affected. 
There was no action on B. typhosus, B. paratyphosus A and B, B. coli communis, 
B. pyocyaneus, B. pestis, B. abortus Bang, B. melitensis, B. prodigiosus and 
S. faecalis. 
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C. lectularius and R. prolixus: Only the aerobic sporing bacilli B. subtilis, 
B. mesentericus and B. vulgatus were affected by the gut-contents of the bugs. 
All of the micro-organisms mentioned above, with the addition of B. proteus, 
were tested. 

It should be remembered that the foregoing results were obtained with 
heated and diluted materials, considerably modified from their original state, 
and it may reasonably be assumed that the fresh unaltered gut-contents would 
exert a more powerful action on those bacteria shown to be susceptible, and 
might even affect species apparently not acted upon by the diluted materials. 
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DETAILS OF THE MORE IMPORTANT EXPERIMENTS. 
Action of Stomoxys gut-contents on B. anthracis. 


Amongst the tests with specific micro-organisms, that with Bacillus 
anthracis and the gut-contents of Stomozxys is of especial interest in view of 
the commonly accepted opinion that S. calcitrans may be a natural vector of 
anthrax. 

In this test the gut-contents of Stomoxys were diluted to 1: 40, and the 
specimen was not a very active one. An attempt was made to determine the 
maximum number of B. anthracis destroyed by this dilution, and, for this 
purpose, the culture was used in graduated doses, each tube in the series from 
the second to the fourth receiving one-half the dosage of the preceding tube. 
Two sets of tubes were put up, one being added to melted agar at 50° C. 
and plated immediately to serve as controls, and the other similarly plated 
after 5 hours’ incubation at 37° C. 

The results were as follows: 





Test I No. of colonies developed from 
c A Survivors 
Controls Incubated tests % 
Tube I 2400 31 1-30 
oo 1300 9 0-70 
« 2 700 3 0-43 
» iV 360 0 0-00 


These results show that after 5 hours at 37° C. the survivors form a definite 
percentage of every dose, and that this percentage diminishes in regular series 
as the dose diminishes. It should not be assumed, however, that each colony 
represents the progeny of only a single bacillus. 

A test of a similar kind was made to measure roughly the bactericidal 
action of Argas gut-contents on Staphylococcus albus. The gut-contents, diluted 
1: 30, were added to an equal volume of the culture, giving a final dilution 
of gut-contents of 1: 60. The culture dilutions were graduated as in Test I. 
The controls were plated immediately, and the test after 5 hours’ incubation 
at 37°C. 
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The results were as follows: 





Test II No. of colonies developed from 
A. 
Controls Incubated tests 
Tube I 41,600 190 
i,’ 20,000 0 
» ia 7000 0 
- ae 4000 0 


Influence of Temperature on the Degree and Velocity of Bactericidal Action. 

As Test I, just quoted, was conducted at 37° C., it was thought desirable to 
carry out a similar test at normal room temperature. Fresh Stomoxys material 
was not available at the time, and an old and rather feeble sample, diluted 
1: 10, was used. The anthrax culture was graded in a series of doses as in the 
former test, but the actual doses were less. The controls were plated at once, 
and the tests after standing at room temperature (19° C.) for 24 hours. 

The results were: 





Test III No. of colonies developed from 
c = — Survivors 
Controls 24 hours’ test % 
Tube I 1600 75 4-7 
as = 720 42 5:8 
» il 500 20 4-0 
-~ 210 9 4:3 


Average 47 


A duplicate of Tube I was incubated at 37° C. for 24 hours, and, on plating, 
yielded only nine colonies. 

Although this test is not in every respect comparable with Test I, it is 
clear that the bactericidal action is slower and less complete at 19° C. than 
at 37° C. 

It will also be seen that the surviving colonies form a fairly constant 
percentage of the controls, which does not form a diminishing series. 

It seems probable then that in the fly at room temperature, some bacilli 
might survive even from a relatively small dose. 

Further tests on the influence of temperature on bactericidal action were 
conducted with S. albus and gut-contents of Argas. In one instance two similar 
tests were set up, and one was incubated at 37° C. and the other left on the 
bench at 20° C. Hourly platings showed that all of the cocci were destroyed 
within 2 hours at 37° C., while only 78 per cent. were destroyed in this time at 
20° C. and the remaining 22 per cent. by the end of the fourth hour. 


Time of greatest Bactericidal Action. 


Experiments with the gut-contents of Stomoxys and Argas, in which 
hourly platings were made during incubation at 37°C., showed that the 
destruction of bacteria was greatest during the first and second hours. Usually 
up to 85 per cent. of the micro-organisms were destroyed during the first 
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hour, and the remaining 15 per cent. during the second hour. Occasionally, 
destruction of the culture was complete within the first hour. 

When the activity of a specimen of gut-contents had become enfeebled, 
through the destruction of repeated doses of bacteria, or from ageing, or if the 
bacterial dose employed was relatively excessive, destruction of the culture 
was not complete, but reached its maximum about the end of the second hour, 
after which the surviving organisms, which may have been relatively resistant, 
increased until, after a few hours, there was no longer any evidence of bacteri- 
cidal action. A single example of this is worth quoting. 

The material used was 0-1 c.c. of a relatively feeble suspension of Argas 
gut-contents, and 0-05 c.c. of a culture of S. albus yielding about one million 
colonies to 1-0 c.c. plated. 

Before incubation, a measured dose was withdrawn from the mixture and 
plated. During incubation at 37° C. similar doses were withdrawn and plated 
at hourly intervals to the end of the sixth hour. 

The results were as follows: 


Test IV No. of 
colonies 

Initial plating... _ eee eee 676 

Plated after 1 hour at 37°C. ... on 128 

in 2hours ,, sit ic 8 

= - oe ‘ie cn pees 31 

és oe - oe - 90 

i - a i wie eb 270 

- « - ‘nt ne 800 


It will be noticed that after the third plating the colonies show roughly a 
threefold increase hourly. 

Similar results were obtained on many occasions with materials from Argas 
or Stomoxys. The surviving colonies showed no abnormality except, some- 
times, a preponderance of small colonies, and cultures prepared from the sur- 
vivors showed no acquired resistance when compared with the parent culture. 

These results suggest, very strongly, the curve of antiseptic action. 


Apparent Regeneration of the Bactericidal Power after Exhaustion. 


When the bactericidal power of a specimen of gut-contents had apparently 
been exhausted by action on bacteria, if the surviving organisms were killed 
off at 60° C. before they had multiplied greatly, and the specimen allowed to 
stand overnight, a partial restoration of power sometimes occurred. This 
renewed activity could be exhausted by adding a fresh dose of bacteria, and 
the experiment might be repeated a few times, but each time with a diminished 
return of power, until exhaustion was complete. 

This “regeneration” was sometimes associated with an apparent exaltation 
of power, which, at first sight, might suggest the bacteriophage phenomenon. 
It was, however, usually inactivated by diluting with an equal volume of water. 

It seems most probable that the renewal of activity was due to the slow 
diffusion of the active principle from minute solid particles, always present 
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in the suspensions, into the liquid while the specimen was standing overnight, 
where, having no mass of bacteria to act upon, it was able to accumulate in 
sufficient quantity to be demonstrable on the following day. Tests with 
materials cleared by centrifuging, or by tryptic digestion, tended to support 
this explanation, but it must be stated that regeneration did not always occur, 
even when the quantity of suspended matter was great. 


INVESTIGATION OF THE NATURE AND PROPERTIES 
OF THE ACTIVE PRINCIPLE. 


Resistance to High Temperatures. 


When sealed capillary tubes, containing gut-contents or faeces, were placed 
in the water-bath at various temperatures up to 100° C., it was found that 
the bactericidal power of Stomoxys faeces was not impaired by exposure 
to 100° C. for 30 minutes, but, occasionally, some loss of power was noticed 
in gut-contents similarly heated, and this loss was definitely related to clotting 
of the material. The active principle was not destroyed, but merely bound up 
in the clots from which it could be liberated by maceration with water or 
digestion with trypsin. The ticks’ gut-contents contained so much heat- 
coagulable material that heating to only 70°C. or 80°C. was sometimes 
sufficient to render them inactive, and it was therefore found necessary to 
digest all gut-contents with trypsin before heating. Such digested materials 
from the ticks were found to withstand 120° C. for at least 15 minutes in the 
autoclave. 

Reactions with Precipitants of Proteins. 


The addition of absolute alcohol to a concentration of 60 per cent., or of 
acetone to 50 per cent., to suspensions of gut-contents or faeces, caused 
flocculation varying in degree with the amount of precipitable proteins present. 
When the flocculation was great, as in ticks’ gut-contents, all of the active 
principle was carried down with the precipitate, leaving the supernatant 
liquid, after removal of the acetone or alcohol, inactive, but, if the flocculation 
was light, as in Stomoxys faeces, some bactericidal power could be demonstrated 
in the supernatant liquid. 

When the gut-contents were previously digested with trypsin, the super- 
natant liquid, after precipitation, showed marked activity, but the greater 
part of the active principle was still carried down with the precipitate. 

The active principle was neither precipitated nor inactivated by acetone 
or alcohol but was merely bound up in the flocculi from which, even after they 
had been washed in pure alcohol or acetone, it could be liberated by maceration 
in water, or tryptic digestion. 


Insolubility in the Common Fat Solvents. 


Assuming that the active principle might be of lipin nature, attempts were 
made to extract it with ether, acetone, chloroform and alcohol. 
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Gut-contents or faeces, evaporated to dryness in a current of air at 56° C. 
were finely powdered and put to extract with ether in a sealed tube for several 
days at room temperature. Any matter extracted was emulsified in normal 
saline containing a little agar. A similar procedure was carried out in the case 
of each of the other three fat solvents, but, in no case, when uncontaminated 
gut-contents or faeces were used, was any bactericidal power shown by the 
extract. On the other hand, the residue of gut-contents or faeces, after ex- 
traction, was found to have suffered no loss of activity. 


Resistance to Tryptic Digestion. 


It has been shown already that the active principle is not destroyed by 
tryptic action. Practically all specimens of gut-contents, especially suspen- 
sions reconstructed from dried materials, contained a large amount of insoluble 
matter. By digesting this and liberating the contained active principle, trypsin 
greatly increased the activity of the specimen. 


Durability of the Principle. 


Material collected from the stomachs of some specimens of Argas reflexus, 
dead for 21 days, was found to be as active as that obtained from the living 
ticks. 

If kept in a liquid medium, the activity of the principle suffered a gradual 
loss; a very rapid loss was usually found to be due to bacterial contamination 
of the material. In the dry state, however, activity seemed to be preserved 
indefinitely: a specimen of Stomoxys gut-contents, dried on the water-bath 
and kept in a tube closed with a rubber cap, was found to be as active after 
the lapse of six months as when it was freshly obtained. 


“ Absorption” of the Active Principle by Dead Bacteria. 


To determine whether or not the susceptible bacteria possessed any 
specific affinity for the bactericidal element, absorption tests, similar to those 
employed in connection with agglutinins, were performed. 

Gut-contents of Argas were “absorbed” with heat-killed cultures of B. coli, 
B. prodigiosus, B. subtilis, V. cholerae, S. aureus and S. albus. All of these 
organisms, except B. subtilis, were killed by heating to 60° C. for 30 minutes: 
B. subtilis was heated to 125°C. for 30 minutes to ensure the death of its spores. 

In all cases, the absorbing dose was the growth from two agar slopes sus- 
pended in saline, which, after heating, was centrifuged at high speed and the 
deposit collected. This deposit was added to 0-25 c.c. of a 1 : 5 dilution of gut- 
contents. The mixture was incubated at.37° C. for 2 hours, and, after centri- 
fuging at high speed, the supernatant liquid was withdrawn and tested in the 
ordinary way for bactericidal action against S. aureus, S. albus and B. subtilis. 
All tests were fully controlled. The results were as follows: 

Absorption with B. coli or B. prodigiosus removed all bactericidal power. 
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Absorption with B. subtilis, V. cholerae or the staphylococci rendered the 
specimen inactive against the staphylococci, but had usually very little effect 
in reducing its activity against B. subtilis. The excessive heating necessary 
to kill the spores may have influenced the absorbing power of B. subtilis. 

These results show that the absorbing power of the organisms bears no 
relation to their susceptibility, or otherwise, to the bactericidal action, and 
they suggest that the active principle is a single element which can only affect 
the staphylococci when it is present in a much greater concentration than that 
necessary to destroy B. subtilis. 

It seems possible that the removal of the active principle, in these ex- 
periments, may have been due to a process of adsorption, depending upon 
certain physical states of the suspensions, but, of course, this is merely con- 
jecture. 

Adsorption by Paper Filters. 


Suspensions of Argas gut-contents, centrifuged at high speed to clear them 
of all visible suspended matter, and filtered through two thicknesses of ordinary 
filter-paper, were found, when compared with the centrifuged but unfiltered 
material, to have lost much, or all, of their activity against the staphylococci, 
and to have suffered some loss of activity against B. subtilis. The active prin- 
ciple was not recoverable from the dried saturated filter-paper by maceration 
in saline, unless an excess of material was allowed to dry on the surface of 
the paper. 

The Question of Bacteriophage. 


The apparent regeneration of bactericidal power, previously discussed, 
might suggest bacteriophage action, but, in addition to the explanation already 
offered, the evidence of investigations subsequently recorded is against this 
suggestion. Thus, the resistance of the active principle to high temperatures, 
and to tryptic digestion; its failure to survive passage; the absence of any 
abnormality, except a slight irregularity in size, of the colonies of organisms 
surviving the bactericidal action, and the failure of such surviving organisms 
to show any acquired resistance or other modification, as compared with the 
parent culture, may be taken as proof that the phenomena recorded do not 
depend on a bacteriophage. 

In addition, it may be stated that no visible evidence of bacteriolysis was 
ever obtained, even from tests with very light suspensions, living or dead, of 
susceptible organisms, although it is possible that a degree of lysis, too slight 
to be appreciated, may accompany bactericidal action. 

Special tests for the detection of bacteriophage in the gut-contents of the 
different arthropods were made on many occasions, but always with negative 
results. 
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SUMMARY AND CONCLUSIONS. 


It has been shown by references to the writings of other workers, and some 
personal observations in the early part of this paper, that destruction of 
certain species of bacteria takes place in the alimentary canal of flies— 
especially in the early developmental stages of the insect—and ticks. In 
addition, emphasis has been laid on the remarkable sterility of the gut- 
contents and faeces of some parasitic and semi-parasitic blood-feeders. 

That these conditions result from the operation of several factors is possible, 
and the bactericidal principle described in this paper may reasonably be 
accepted as one of these factors. 

The investigation has been limited to the adult stage of the insects 
Stomoxys ‘caleitrans, Musca domestica, Anopheles bifurcatus, Aédes cinereus, 
Cimezx lectularius and Rhodnius prolixcus, and the arachnids Argas persicus 
and Ornithodorus moubata. In all of these a bactericidal principle has been 
demonstrated in the gut-contents, and, in the case of the insects, also in the 
faeces. 

The bacteria most affected were the common sporing aerobes and the 
staphylococci, but B. anthracis was destroyed by gut-contents of Stomozys, 
and M. catarrhalis and S. haemolyticus by those of Argas. 

It may be inferred, from the results of the bactericidal and absorption 
tests, that the active principle in any one species of arthropod is single, but 
that different groups of bacteria exhibit differences in susceptibility to its 
action; some, such as the subtilis group, being very susceptible, are destroyed 
by concentrations too weak to affect other species, while others, as the staphy- 
lococci, require relatively high concentrations for their destruction, and many 
bacteria appear to be wholly resistant. 

The bactericidal principle occurring in different arthropod species showed 
some differences in the groups of bacteria susceptible to its action, and in the 
degree of susceptibility of particular groups. Thus, the widest range of action 
was shown by gut-contents of Argas and Stomozys, and the least by those of 
the bugs. The sporing bacilli seemed to be affected more by material from 
Stomozys than by that from Argas, but, on the other hand, the staphylococci 
were apparently more susceptible to the action of Argas material than to that 
of Stomoxys. The gut-contents of the ticks had a feebly destructive action on 
B. pestis, while those of some insects actually enhanced its growth. This last 
observation is of some interest in connection with the case of the plague flea. 

With regard to the properties of the active principle, bactericidal action 
is greater and more rapid at 37° C. than at room temperature. This action is 
not accompanied by any visible bacteriolysis. The bactericidal principle 
retains its activity unimpaired for at least six months when kept in the dry 
state. It is very thermostable, resisting temperatures as high as 120°C. It 
is not destroyed by tryptic digestion. It is precipitated from solution with 
proteins by alcohol or acetone, but is not itself affected by these reagents. It 
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is not soluble in the common fat-solvents, ether, chloroform, alcohol or acetone. 
By allowing it to act upon repeated small doses of bacteria, it rapidly becomes 
exhausted, and it can be inactivated, possibly through adsorption, by large 
doses of killed bacteria; even those species which are not destroyed by it. It 
may also be adsorbed in small amount by bibulous paper. 

It exhibits none of the properties of the bacteriophage, and it differs from 
lysozyme. 

In the bactericidal action it is clear that no vital process is involved, in 
fact it very closely resembles the action of an antiseptic. 

Regarding the source of the active principle, there is no doubt that it is 
formed in the stomach, but whether as a secretion of the gastric cells or as a 
result of the processes of digestion is not clear. (Nuttall (1908) showed that 
the destruction of Spirochaeta duttoni in the gut of the bed bug was definitely 
related to digestion.) An examination of material collected from ticks, kept 
at 25°C. at various stages of digestion seemed to point to an increase in 
bactericidal activity during the first two weeks after feeding, and a decline 
after the sixth or eighth week, but the activity of material from individual 
ticks, taken at similar intervals after feeding, often varied greatly. Control 
tests with the blood of the hosts, on which the arthropods were fed, showed 
that this was not the source of the active principle. 
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COCCIDIA OF THE GENUS JSOSPORA IN CATS, DOGS 
AND MAN. 


By C. M. WENYON. 
Wellcome Bureau of Scientific Research. 


In a recent number of Parasitology Dobell (1926) has expressed disagreement 
with certain views put forward by me (1923) in a paper dealing with the 
coccidia of cats, dogs and man. His criticisms deal particularly with the name 
Isospora belli given by me to the coccidium discovered in man during the war, 
but my observations on the coccidia of cats and dogs also come under review. 
As regards the coccidia of these animals Dobell’s criticisms would undoubtedly 
have been considerably modified if he had referred to a note written by myself 
and Sheather (1925). He has apparently overlooked this note entirely, an 
omission which is all the more unfortunate in that it has a very direct bearing 
on many of the statements made in his article. 

Several errors which unfortunately occurred in my paper have been noted 
by Dobell. The most important of these is that the measurements of the small 
coccidia of cats, dogs and polecats given by Railliet and Lucet (1891) are 
attributed to the odcyst instead of to the sporocyst. This mistake has already 
been noted by Reichenow (1925) and I myself have corrected it elsewhere. 
It does not, however, invalidate the conclusions reached as to the existence 
of three species of Isospora in dogs and cats. On the contrary, the considera- 
tion of the measurements as belonging to the sporocysts instead of to the 
odcysts strengthens the position. 

Another error occurred in the statement that the odcysts of the three 
species of Isospora measured about 12-15, 25-30 and 40-45 microns re- 
spectively. The mistake has reference to the figures 25-30 and Dobell notes 
that in the species Jsospora rivolta?, to the odcysts of which these measurements 

1 Dobell on more than one occasion refers to the name Isospora belli as a “curious” one. As 
I have already explained (1923), the name was intended to signify the Jsospora of the war because 
its o6cysts were discovered in man for the first time during this period and all laboratory workers 
whose duty it was to examine for Protozoal infections were on the look-out for it. Surely it is no 
more curious to name a parasite after an important event with which it was associated than after 
a locality or a character which is often most misleading. 

? With reference to this name it was pointed out by me (1923) that it was unnecessary to change 
it to either J. rivoltai or I. rivoltae. Dobell (1926, p. 75) directs my attention to Art. 19 of the Code 
which justifies the correction of errors in orthography. I do not consider that Grassi made an 
error of this kind for he deliberately employs the specific name Rivolta in 1879, 1882 and 1883. 
Furthermore, Art. 13 of the Code gives such names as Hypoderma Diana and Laophonte Moham- 
med, while it is explicitly stated in Opinion 8 that when it has been added to a name instead of the 
correct 7 the double 7 is to be retained according to Art. 19, despite the provision of Art. 14 (c) 


that the name should have been formed with only one i. Hence the corollary—if an i or an e has 
been omitted it is unnecessary to introduce it. 
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are applied, are included my own measurements 20-24 microns, Reichenow’s 
21-24 microns and Hall and Wigdor’s 20 microns. He points out, as is, of 
course, at once evident, that it is not “logically legitimate” to assume that 
these measurements fall within the range 25-30 microns. It was perhaps too 
much to hope, as I did, that my readers would have been able to detect the 
error and correct it, but had Dobell not overlooked the note already referred 
to (Wenyon and Sheather, 1925) he would have found the measurements given 
as 20-25 microns, which are approximately correct for these coccidia. Further- 
more, I am aware that in certain cases odcysts with dimensions outside these 
limits occur, but anyone who goes into the question will find that the majority 
of odcysts fall within them. Dobell points out that he often finds odcysts 
in kittens having various lengths from 30-40 microns. I myself have seen 
odcysts of Isospora felis well under 40 microns in length and others up to 
48 microns so that the extreme range will be from a figure below to one 
above the usual limits of 40 and 45. In all cases in which two species of 
coccidia of the same genus occur in one animal there is considerable over- 
lapping in the measurements of the odcysts, so that in the case of the coccidia 
of the genus /sospora in cats and dogs, though the ranges of measurements 
may have to be extended beyond those which have been given, I am still 
convinced that three well-marked species occur, viz. Isospora bigemina with 
small odcysts!, J. felis with large odcysts and J. rivolta with odcysts of in- 
termediate size. I do not think anyone who has examined faeces of dogs and 
cats to any extent will dispute the statement that the large odcysts of J. felis 
are commonly present in the faeces of cats and rarely occur in the faeces of 
dogs. The smaller.odcysts of I. rivolta are most frequently seen in the faeces 
of dogs while they are rarely found in the faeces of cats. This fact alone is 
strongly suggestive of the two forms being distinct species. In fact Dobell 
(1919, p. 177) states that it is quite possible that they are distinct species. 
As regards the very much smaller J. bigemina it is difficult to imagine that 
anyone who has been able to study the parasite in pure infections will doubt 
that it is distinct from J. felis and I. rivolta. 

In my paper (1923) it was stated that I. bigemina completed its development 
in the sub-epithelial tissues of the villi though attention was drawn to the fact 
that in one case Sheather had found undeveloped odcysts of this species in 
the faeces of a dog. It is evident too much stress was laid on the position in the 
sub-epithelial tissues and that Dobell was justified in his arguments that 
development might occur in the epithelium also. Here again if he had referred 
to the note by myself and Sheather (1925) he would have been saved much 
discussion for it is definitely stated there that development in the epithelium 
does occur. Nevertheless it remains a fact that the small J. bigemina has a 

+ In a footnote Dobell (1926, p. 76) referring to the measurements 12-15 microns given by me 
(1923) for the length of the odcysts of I. bigemina says: ‘“‘Wenyon himself gives these figures: 
but from what source the figure 15 is derived, I have been unable to discover.”’ The figures are 


derived from my measurements of the odcysts of I. bigemina in the cat. The majority were within 
the range 12-15 microns, A few were longer and measured up to 16 microns. 
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much greater tendency to invade the sub-epithelial tissues than either J. rivolta 
or J. felis and that its odcysts frequently attain maturity in this situation, as 
can be demonstrated by the examination of the tissues of recently expired 
animals. With the qualification to be noted below, no one has seen completely 
developed odcysts of J. rivolta or I. felis either in the epithelium itself or in the 
sub-epithelial tissues. 

As regards the fully developed odcysts of I. bigemina in the sub-epithelial 
tissues Dobell (1926, p. 77) advances the view that they represent odcysts of 
a coccidium which normally lives in the epithelium and that “their small 
size and complete development could be explained by their abnormally close 
confinement in the tissues and their inability to escape.” He notes that only 
a single case of this infection was described in a cat the ileal epithelium of 
which was simultaneously infected with the ordinary larger form J. felis. From 
these remarks it appears to me that Dobell is suggesting that J. felis, which 
usually produces odcysts from 30 to 48 microns in length, owing to a confine- 
ment in the sub-epithelial tissues produces odcysts with a length only a third 
of this and correspondingly small sporocysts. This possibility was considered 
by me (1923, p. 260) but it seemed to be a very improbable explanation for 
it had yet to be proved that development in the sub-epithelial tissues is such 
an “abnormally close confinement” that it would lead to such a remarkable 
alteration in the normal development. Many coccidia which develop as a rule 
in the epithelium occasionally produce odcysts in the sub-epithelial tissues 
but in no case has such a reduction in size of the oécysts in consequence of the 
confinement been described. Having examined sections of the intestines of 
many cats from the point of view of their coccidial infections during the past 
twenty years I have only on one occasion encountered the small J. bigemina. 
The cat in question was very heavily infected with this form which had 
odcysts measuring 12-16 by 8-10 microns and sporocysts measuring 9-5-10 
by 6-8 microns. It was also infected with the usual J. felis which has odcysts 
three times as large and it was concluded that the most reasonable explanation 
was a double infection of two species. Dobell is “completely baffled by this 
reasoning” and states that my conclusion is diametrically opposed to that 
which he would draw from this observation. Had the small J. bigemina been 
frequently present in cats in association with J. felis no such conclusion would 
have been justified but having examined very numerous cats and always 
found a uniform type of infection with J. felis I unexpectedly came upon one 
cat with an exceedingly heavy infection of a very small form in the sub- 
epithelial tissues while the epithelium was occupied as usual by the large 
I. felis. It seemed more reasonable to suppose that a distinct parasite was 
being observed than that the large form on this single occasion had undergone 
such an extraordinary change. I still think that this conclusion was justified. 
Dobell states that if a single cat in which the sub-epithelial parasites were 
present alone had been found he could admit that they might belong to a 
different species. In the note by myself and Sheather (1925) a case of this type 
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in a dog is mentioned. The sub-epithelial tissues contained fully developed 
oécysts with no parasites in the epithelium. Since then five other cases of 
the same kind have been encountered. As pointed out below, it is possible 
that these odcysts belong to J. rivolta as the sporocysts (erroneously termed 
odcysts) correspond in size with those of this species. But an infection in 
another dog, the tissues of which were examined post-mortem, is recorded. 
This dog was passing during life in its faeces enormous numbers of small 
odcysts of J. bigemina and no larger ones. The odcysts were not developed 
when passed but completed their development outside the body. It seemed 
evident that this must be a case of epithelial infection. The dog was killed, 
and on sectioning the intestine it was found that the whole of the epithelium 
of the intestine from the stomach to the commencement of the large intestine 
was packed with overwhelming numbers of gametocytes, odcysts and repro- 
ducing forms of the small parasite. There were no parasites in the sub-epithelial 
tissues. I do not think anyone would hesitate to conclude that this was a pure 
infection due to a parasite distinct from the much larger J. rivolta and J. felis. 
The fully formed schizonts were about 5 microns in diameter and gave rise 
to eight and occasionally 16 minute merozoites. The macrogametocytes 
corresponded in size with that of the odcysts in the faeces, the majority of 
which measured 10-11 by 7-5-9 microns, though a small proportion were 
larger than this and measured up to 14 microns in length. When fully deve- 
loped outside the body the sporocysts were found to measure 7-5-9 by 5-7 
microns. The undeveloped odécysts in the epithelium were of the same dimen- 
sions as those in the faeces and corresponded fairly closely with the fully 
developed odcysts in the sub-epithelial tissues of the cat described by me in 
1923. It is evident therefore that Dobell’s confinement hypothesis does not 
explain the facts. Another young dog with a similar infection has been seen 
by me. The animal, which was a pet, suffered from acute and persistent 
diarrhoea. Examination of the faeces showed a condition of affairs similar 
to that in the dog just described. Enormous numbers of small odcysts of the 
dimensions given above were present without any trace of larger ones and there 
can be little doubt that if the intestine of the dog had been examined it would 
have been found heavily infected with reproducing forms. The dog’s faeces 
were repeatedly examined during the course of a month. The diarrhoea 
subsided and finally odcysts could no longer be found in the faeces. It is 
possible that sometimes in these extraordinarily heavy infections certain 
odcysts would enter and develop in the sub-epithelial tissues and continue 
their development after the subsidence of the epithelial infection. The 
presence of fully developed odcysts in the sub-epithelial tissues probably 
represents a condition which occurs after an acute infection. 

As regards the fully developed odcysts of J. bigemina which were found in 
the sub-epithelial tissues of the cat referred to in my paper (1923) Dobell says 
“if fully developed odcysts are found in preserved tissues it is not legitimate 
to conclude—without further evidence—that sporogony occurred while the 
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host was still alive” and he disagrees with the conclusion reached by me that 
whenever observers have described the occurrence of paired bodies in the 
intestine wall they cannot have been referring to odcysts of the large J. felis. 
In my paper (1923, p. 259) there appeared a figure of a section of the intestine 
of this cat showing fully developed odcysts of J. bigemina in the sub-epithelial 
tissues and macrogametocytes of J. felis in the epithelium. Dobell remarks 
that my statements regarding J. bigemina and the figure prove nothing because 
the macrogametocytes depicted had not reached the stage at which the odcysts 
are impermeable to certain fixing fluids and capable of development outside 
the body. Whether this statement regarding the stage of development of 
the macrogametocytes figured be correct or not it must have been evident 
to Dobell that the section figured was not an isolated one. As a matter of 
fact many hundreds of sections made from all parts of the intestine of this 
particular cat were examined and though it was known that during life the 
animal was passing faeces containing odcysts of I. felis capable of development 
outside the body not a single section showed an odcyst of J. felis in which the 
zygote had even commenced to divide into sporoblasts. Dobell says that 
odcysts of I. felis will occasionally develop in Carnoy’s fluid. I have long been 
aware that this may occur, for many years ago I made smears of coccidial 
nodules from a rabbit’s liver, which were fixed in Schaudinn’s fluid, stained 
with iron haematoxylin, dehydrated in alcohol, cleared in xylol and mounted 
in balsam, and I was surprised to find that during the course of a week certain 
odcysts in the preparation continued to complete their development with 
production of sporocysts and sporozoites. It is evident from what Dobell 
says that odcysts of J. felis may sometimes do this but though I have ex- 
amined sections of the intestines of many cats fixed in various ways I have 
never yet seen odcysts of J. felis fully developed in the epithelium. Not a 
single observer who has studied J. felis or I. rivolta of cats and dogs in sections 
of the intestine has ever hinted at such a condition of affairs and it is hardly 
conceivable that if fully developed odcysts of J. felis occurred in their tissues 
they would have failed to detect them. It is not clear whether Dobell’s state- 
ment that he has once directly observed the sporogony of odcysts of J. felis 
immersed in Carnoy’s fluid refers to odcysts within the epithelium of tissue 
fixed in bulk. Even if they do so occasionally, which is very doubtful, it is 
such a rare phenomenon that it cannot affect the argument. The fact over- 
looked by me, as pointed out by Dobell, that oécysts of I. felis in the epithelium 
may show the first stage of development in the retraction of the zygote to 
the spherical form does not prove that the odcysts will continue their develop- 
ment in the tissues when these have been immersed in fixing fluids. Therefore 
when I gave a figure of a section of the intestine of the cat showing fully 
developed odcysts of J. bigemina in the sub-epithelial tissues and undeveloped 
odcysts of I. felis in the epithelium it will be clear to most of my readers that 
it illustrates the condition which, as regards J. felis, had been i und in very 
many animals and many hundreds of sections. 
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It would still be possible, however, that the odcysts of I. bigemina would 
develop in the tissues in fixing fluids and Dobell states that he has always 
supposed that when the older workers described “paired psorosperms” in 
the tissues they had observed odcysts which had continued to develop in their 
fixing fluids. He goes on to say that he still thinks that this is the most 
plausible explanation of their observations. This conclusion, even if more 
convincing evidence against its accuracy were wanting, might reasonably be 
questioned, for the older workers were largely making observations on per- 
fectly fresh tissues. With reference to the infection of the cat described by me 
Dobell (1926, p. 78) says that unfortunately nothing is said about the methods 
of fixation used. Whatever they may have been they were at any rate sufficient, 
as shown above, to prevent the development of the odcysts of J. felis in the 
epithelium, but Dobell’s implied suggestion that the odcysts of I. bigemina 
in the sub-epithelial tissues owe their condition of complete development 
to the lack of penetration of the fixative used by me is quite untenable for 
it is explicitly stated in my paper (1923) that the odcysts were fully developed 
in the fresh unfixed tissues. Furthermore, the intestine of the dog, referred to 
by myself and Sheather (1925), which was passing large numbers of odcysts 
of J. bigemina in its faeces was fixed in the same fixative (Zenker’s fluid) and 
though thousands of undeveloped odécysts occurred in the epithelium in no case 
has any one continued to develop. It is evident, therefore, that the fixatives 
generally used are capable of preventing not only the development of the 
oécysts of J. felis in the epithelium but also those of I. bigemina. As noted 
above, fully developed odcysts in the sub-epithelial tissues of six dogs, when 
the fixative used was Zenker’s fluid, have since been observed, so that it 
appears legitimate to conclude, as was done in my earlier paper, that the paired 
psorosperms described by the older observers were odcysts which had com- 
pleted their development in the tissues before the death of the host. 

As already remarked, too much importance was attached by me to the 
development of J. bigemina in the sub-epithelial tissues. The observations 
subsequently made by me with Sheather demonstrated that in acute infections 
development occurs in the epithelium. It is evident, therefore, that the three 
species I. felis, I. rivolta and I. bigemina all develop in the epithelium. There 
is a marked tendency on the part of J. bigemina to pass into the sub-epithelial 
tissues and it might be argued that if J. rivolta and J. felis did likewise their 
odcysts would reach maturity in the sub-epithelial tissues also. No evidence 
has been obtained that J. felis has any such tendency but in one instance, 
noted by myself and Sheather (1925), schizonts and gametocytes, both male and 
female, of J. rivolta, the development of which in the epithelium was the subject 
of a paper by Zapfe (1923)!, occurred not only in the epithelium but also in 
the sub-epithelial tissues. The odcysts in the sub-epithelial tissues were of 
approximately the same size as those in the epithelium. The tissues were fixed 


1 This observer describes the complete schizogonic development of J. rivolta. The various 
stages, as would be expected, are intermediate in size between those of J. felis and I. bigemina. 
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in Zenker’s fluid and none of the odcysts occurring in them has completed 
its development. Nevertheless it is possible that had the invasion of .the 
sub-epithelial tissues been heavier than it actually was and if the infection 
had been of longer standing the odcysts in the sub-epithelial tissues would 
have completed their development during the life of the dog. That this may 
actually happen some evidence has been obtained. In the six dogs already 
mentioned the fully developed odcysts in the sub-epithelial tissues are dis- 
tinctly larger than those seen by me in the cat and in the two dogs which 
suffered from acute symptoms. Furthermore the sporocysts (erroneously 
termed odcysts in the note by myself and Sheather) in these larger odcysts 
were of approximately the same dimensions (13-5-15-5 by 9-10 microns) as 
those of J. rivolta when developed in faeces outside the body. It seems very 
probable therefore that odcysts of J. rivolta may develop in the sub-epithelial 
tissues but this does not lead to any reduction in the size of the sporocysts, 
though the odcyst may be slightly smaller (18-20 by 14-16 microns) owing to 
its wall collapsing and becoming more closely wrapped around the two 
sporocysts. These larger sporocysts contrast very markedly with the much 
smaller ones of J. bigemina (7-5-10 by 5-8 microns) seen by me in cats and 
dogs. 

From the foregoing statements I can see no reason to alter my earlier 
conclusion that there exist in cats and dogs three species of Isospora, viz. 
Isospora felis, Isospora rivolta and Isospora bigemina, which can be distin- 
guished by the size of the odcysts. Most of the records of the measurements of 
the odcysts and sporocysts of the species of /sospora in cats and dogs conform 
fairly closely with the measurements 12-15, 25-30 and 30-45, but as noted 
above it is probable that these ranges may have to be extended. It is even 
possible, as Pospiech (1919) quoted by Zapfe (1923) has suggested, that there 
may be more than three types of Isospora in these animals. In order to make 
the matter clearer the following table (amended from that published by me 
in 1923) of the measurements of odcysts and sporocysts as noted by the 
different observers is given. It includes measurements of the odcysts described 
in this paper and those of J. felis and J. rivolta. The figure 30 in the case of 
I. felis is based on Dobell’s statement. I am well aware of the fact that 
the figures in the table do not alone substantiate the claims I make for the 
recognition of three species but combined with the observations on the pure 
infections and the incidence of these coccidia in cats and dogs there can be 
no doubt that amongst the figures the three species described by me can be 
recognised. Certain records are not clear. Thus that of Hall and Wigdor which 
gives the measurements of sporocysts as 10 to 20 might mean 10 by 20, as 
immediately following it the measurement 12 by 11 is given for the smaller 
sporocysts. The measurements given by Grassi show odécysts which are larger 
than those usually seen in J. rivolta infections but from the size of the sporo- 
cysts it can be assumed that he was dealing with this species. 
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Oécysts Sporocysts Parasite 

Cat (Wenyon) 12-16 x 8-10 9-5-10 x 6-8 I. bigemina 
Dog (Wenyon and Sheather) 10-14 x 7-5-9 7-5-9 x 5-7 I. bigemina 
Cat (Finck) . : — 8-10 x 7-9 I, bigemina 
Dog and cat (Rivolta) 12-16 x 12 8-12 x8 I. bigemina 
Cat (Railliet and Lucet) = 8-10 x 7-9 I. bigemina 
Polecat (Railliet and ee = 8-12 x 6-8 I. bigemina 
Dog (Stiles) ‘ 13-6-15-9 x 7-9-9-9 I. bigemina 
Cat (Pospiech) 13 x 1l 7-5 x 5-5 I. bigemina 
Cat (Pospiech) ms ed 17-18 x 14 11x75 I. bigemina 
Dog (Railliet and Lucet) — 2-15 x 7-9 I. rivolta ? 
Dogs 6 (Wenyon) oe 18-20 x 14-16 13-5-15-5 x 9-10 I. rivolta ? 
Dogs and cats eee ‘ 20-24 x 15-20 2-15 x 9-10 I. rivolta 
Cat (Grassi) .. 27-30-8 x 22-24 14:3 I. rivolta 
Cat (Wasielewski) . 20-25 x 19-22 10-12 I. rivolia 
Dog (Wasielewski) .. 25x18 11-15 I. rivolta 
Dog (Hall and Wigdor) 20x 18 12x11 I. rivolta 
Dog (Reichenow) 21-24 x 18-20 14-16 x 9-10 I. rivolta 
Cat (Wenyon) “s 30-48 x 26-37 20-27 x 18-21 I. felis 
Cat (Wasielewski) .. 35-40 x 23-32 16-18 I. felis 
Cat (Swellengrebel) 39-47 x 26-37 21-24 x 18-19 I. felis 
Dog (Hall and Wigdor) 36-40 x 28-32 10-20 (? 10 x 20) I. felis ? 
Cat (Marotel) we 45-48 x 34-36 22-24 x 17-19 I. felis 

Cat (Pospiech) - 40-41 x 31-32 20 I. felis 
Dog and cat (Pospiech) 30 x 22 16 x 12 I. felis 


It will now be necessary to consider the position taken up by me (1923) 
regarding the species of Jsospora in man and the name Isospora belli which 
was given to the form discovered during the war and which figured so pro- 
minently in the faecal examinations made at that time. My reasons for the 
introduction of a new name were clearly set forth in my paper and it would 
not be necessary to refer to them here but for the fact that they have been 
strongly criticised by Dobell, who still believes that the name Isospora hominis 
should be employed for the forms which I named J. belli. With reference to 
Virchow’s observations made in 1860 I have given what appears to me to be 
the only logical deduction which can be made from his words. Dobell says 
that I concluded that Kjellberg’s parasite described by Virchow belonged to 
a small species which inhabited the sub-epithelial tissues of the villi and not 
the epithelium, because Virchow says that they were just like those which 
he had himself seen im Innern der Darmzotten in a dog, and refers to them as 
“relativ kleine.” This statement of the case is not quite accurate for I also 
pointed out that Virchow, referring to the form in man, says in dem Innern 
und zwar gegen die Syitze der Darmzotten, which provides more definite in- 
formation than if he had merely limited himself to saying they were like the 
form seen in the dog’. As regards the latter he says Indess habe ich neulich 
schon erwahnt (S. 342), dass ich in einem Falle beim Hunde im Innern der 


1 Dobell suggests that from the words “‘ gegen die Spitze der Darmzotten” one might conclude 
that, as the tip of the villus is composed of epithelium, the parasites were in this layer. But gegen 
surely means towards and not in. However this may be the odcysts in the sub-epithelial tissue of 
cats and dogs are always most numerous near the free ends of the villi. Dobell also remarks that 
when villi are examined in fresh scrapings of the mucosa the odcysts lying in the epithelium can 
easily be fancied to be inside the villi. It is evident that Dobell has not had an opportunity of 
examining fresh tissues of cats and dogs with the interiors of their villi packed with odcysts. 
Entire villi can easily be seen to be filled with them without any sign of odcysts in the epithelium. 
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Darmzotten sehr hdéufig Psorospermien antraf; es waren relativ kleine, regel- 
missig zu zweien aneinandergesetzte, mit starker, doppeltcontourirter Membran 
versehene Kérper! and notes that the human form agreed entirely with the 
psorosperms he had seen in dogs (welche ganz mit denen iibereinstimmen, die 
ich beim Hunde gesehen habe). From what has been said above regarding my 
own and Sheather’s observations on the coccidia of dogs and cats, and those 
of other observers, who are all in agreement that the ‘developed odcysts 
occurred in the sub-epithelial tissues and not in the epithelium, it does not 
appear that any other conclusion is justified, viz. that Virchow saw, as I and 
others have done, developed odcysts in the sub-epithelial tissues of the dog 
and that when he wrote im Innern he actually meant inside the villi in con- 
tradistinction to within the epithelium. Dobell does not think that the words 
im Innern have this meaning; but if not then Virchow is the only observer 
who has noted developed odcysts in the epithelium. But there is other evidence 
that he meant to make this statement, for he goes on to remark that Klebs? 
had called attention to the presence of psorosperms in the hypertrophied 
epithelium of the intestine. Whether, as seems not improbable, this can be 
taken to indicate a desire on Virchow’s part to draw a distinction between 
his own observation of psorosperms im Innern der Darmzotten and those of 
Klebs im Innern hypertrophischer Epithelialzellen des Darmes, may be 
questioned but from what is now known regarding the presence of developed 
odcysts only in the sub-epithelial tissues this appears to me to be the only 
legitimate interpretation of his meaning; and when he remarks that the human 
parasites were also in dem Innern und zwar gegen die Syitze der Darmzotten 
and that they ganz mit denen iibereinstimmen, die ich beim Hunde gesehen habe 
the only interpretation that can be made, unless one chooses to guess, is that 
he saw developed odcysts in the sub-epithelial tissues of the villi of the human 
cases. No one has ever found developed odcysts in dogs in any other situation 
than in the sub-epithelial tissues of the villi so that Virchow’s words im Innern 
der Darmzotten as applied to the parasite of the dog must be taken as meaning 
the interior of the villi and not the epithelium; and when Virchow uses the 
same words thirteen lines below for the parasite of man, which is said to agree 
entirely with that of the dog, it is not unreasonable to assume that they have 
the same meaning, especially as seven lines further on he mentions Klebs’ 
observation of psorosperms in the interior of hypertrophied epithelial cells of 
the intestine. To conclude that Virchow meant something else or was mistaken 
in his judgment of the size or that he was writing loosely, is merely guessing 
and is to my mind quite illegitimate; and to assume that the form seen by 
him was the same as the one named J. belli is to postulate something which 
cannot be proved. It is possible that Virchow may have been entirely mistaken 

1 Dobell points out that in my original paper (1923) these quotations were not given with 
literal accuracy. The inaccuracy refers to the omission of the words schon in one place and Falle- 
beim in another and a comma. 


* Klebs’ observation published in 1859 refers to a coccidium, probably Eimeria perforans 
of the rabbit. 
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in what he saw and was not dealing with coccidia at all but his words do not 
admit such a conclusion. If he did not see in man a small form like that now 
known to be fairly common in the dog and cat then his description is so im- 
perfect that no deductions can be made from it, and to conclude for purposes 
of nomenclature that he was probably dealing with J. belli is to my mind mis- 
leading’. It may be that no such parasite as that which Virchow’s description 
brings to my mind exists but if even this could be demonstrated it would then 
have to be concluded that the “ psorosperms” mentioned by him are no longer 
identifiable. To assume that he meant something that his words do not imply 
is too dangerous an undertaking for purposes of accurate nomenclature. When, 
therefore, Railliet and Lucet (1891), because they recognised, as I have done, 
the resemblance of the form described by Virchow to I. bigemina of cats and 
dogs, gave it the name J. hominis (Coccidium bigeminum var. hominis) this 
name must be reserved for a parasite of man of this type or, if such does not 
exist, the name will have to pass into the limbo of rejected names?. 

With reference to the diagram of the species of Isospora of cats, dogs and 
man which was published by me (1923, p. 233), I referred to the small odcysts 
as belonging to I. bigemina and I. hominis. Dobell interprets this diagram as 
a “picture” of J. hominis and says (pp. 80-81) that “he has even published 
a picture of it, drawn to scale, despite the fact that neither he nor any other 
man—if we exclude Kjellberg and Virchow, who have recorded no measure- 
ments—has ever seen it. It should be emphasised that this drawing is, so far 
as any known human parasite is concerned, entirely imaginative.” I think 
Dobell will admit that it is justifiable to make a diagram from a description 

1 Dobell points out that in a paper published by me in 1915 I stated that “the development 
of the coccidium takes place in the epithelial ceils of the gut” and goes on to remark that so far 
as he is aware this statement was not based upon actual observations. He must have known, 
especially as he made a similar statement in 1919, that these remarks of mine were made merely 
from analogy with other coccidia, for if the intestinal phases of development had been actually 
seen they would have been described. Though it is common knowledge that no one has yet seen 
the asexual developmental stages in the epithelium of the intestine I am glad to take this oppor- 
tunity of stating the facts. My remarks were based upon what is known of coccidia generally and 
were similar to those of Dobell (1919, p. 183) when he says that the schizogonic cycle “‘is doubtless 
closely similar to that of J. bigemina in the dog and cat.”’ He is, of course, referring to the form 
I. felis. When I draw a similar analogy between the coccidia of man and those of dogs and cats 
Dobell (1926, p. 81) writes: “Such an analogy is not, at present, justified; since we cannot infer 
anything regarding the parasites of one animal from those of others belonging to a different Order, 
until we have studied them.” 

2 I have purposely not referred to the observation of Reichenow (1925) of fully developed 
sporocysts of what he thinks may be the small Isospora of man. I have realised, as Dobell has done, 
that their dimensions are sufficiently close to those of J. belli to make it probable that they were 
fully developed sporocysts of this species. It is possible, however, if an analogy were drawn with 
I. rivolta of dogs, the oécysts of which, as shown above, may possibly attain maturity in the sub- 
epithelial tissues, that the odcysts of J. belli may do so too and that the fully developed sporocysts 
seen by Reichenow might be accounted for in this manner. It might then be argued that Virchow 
actually observed fully developed sporocysts of this form in the sub-epithelial tissues of Kjell- 
berg’s cases. This, however, involves drawing “far-reaching conclusions from insufficient pre- 
misses” and inferring something “regarding the parasites of one animal from those of others 
belonging to a different Order,” which, according to Dobell, we are not justified in doing. 
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but it would not be justifiable to call it a picture. And when we have it on 
Virchow’s authority that a certain parasite of man agrees entirely with one 
he has seen in a dog, which is again like one described in the cat by Finck it 
is evident that the same diagram can answer for all three. It will also be 
evident to the majority of those who study the question that to say of such a 
diagram that it is “entirely imaginative” is not an accurate statement. It 
may be noted, however, that any diagram is of necessity largely imaginative 
and any one who is accustomed to produce them must be perfectly aware 
of this. 

My remarks (1923, p. 264) regarding the supposed coccidia described in 
man by Eimer (1870) are also criticised by Dobell. It is possible, as just noted, 
to arrive at some conclusion regarding the psorosperms described by Virchow, 
but this cannot be done in the case of those mentioned by Eimer, which are 
quite unrecognisable. The remarks to which Dobell (1926) takes objection are 
the following: 


The next reference is that by Eimer (1870), but this is much less satisfactory than that 
of Virchow. Eimer says that he saw Psorosperms in two men who were examined post- 
mortem in Berlin. The intestinal canal was described as being filled and the epithelium 
completely infiltrated with Psorosperms. He says they were like those seen by him in mice 
and other animals. In both the human cases the epithelium of the greater part of the 
intestine is described as having been devoured by the Psorosperms, as occurs in infected 
mice. The contents of the Psorosperms were finely granular. Eimer furthermore states 
that he observed all stages of the division of the contents, but gives no clear account of the 
process. From these meagre details it appears impossible to identify the Psorosperms seen 
by Eimer. Whether they were coccidia at all is far from clear (Wenyon, 1923). 


Dobell (1926, p. 83) in his critique makes the following remarks regarding 
the above statement: 


As a matter of fact, the specific name hominis was first given to a coccidium of man by 
Rivolta (1878), not by Railliet and Lucet (1891): and the name was given not to Kjellberg’s 
parasites but to those recorded by Eimer (1870). Wenyon is aware of this, but he surmounts 
the difficulty by saying that “it is far from clear” whether Eimer’s parasites “were coccidia 
at all.” “Rivolta’s name Cytospermium hominis was given,” he says, “to certain bodies 
seen by Eimer which may or may not be coccidia” (op. cit. p. 264). He therefore rejects 
Eimer’s observations in toto and regards the name bestowed upon his parasites as nomen 
nudum. 

But is it allowable to dismiss Eimer’s record in this summary fashion? As every proto- 
zoologist knows, Eimer is one of the classical writers on the Coccidia: and consequently, 
when he says that he found coccidia in two human cadavers, we cannot wholly disregard his 
words. The probability is that he was neither mistaken nor untruthful. He knew what he 
was talking about, and, like Virchow, doubtless ‘““meant what he said.”’ At all events, as 
an authority on the Coccidia Eimer is at least as good as Virchow (Dobell, 1926). 


Yet I find that Dobell in his earlier paper (1919, p. 152) makes the following 
remarks about Eimer’s observation. They agree fairly closely with what I 
myself wrote in 1923: 


In his well-known work on coccidia, Eimer (1870) records the finding of “‘ psorosperms” 
in two human bodies in the Pathological Institute in Berlin. The histories of the cases were 
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almost unknown. “The alimentary canal was filled, and its epithelium completely in- 
fi:trated” with the parasites. Beyond noting that ‘“‘the form of the ‘psorosperms’ was here 
the same as in the aforesaid animals” he gives no description of them. ‘The aforesaid 
animals,” it may be noted, included mice and others, and the coccidia infesting them prob- 
ably belonged to several different genera. In my opinion it is now quite impossible to 
identify Eimer’s “‘ psorosperms” with certainty. They were probably coccidia of some sort, 
though even this is open to question. Even their habitat cannot be exactly determined— 
in fact we know only that they occurred in some part of the gut (““Darmkanal”), and not 
in the liver (Dobell, 1919). 

I agree entirely with the statement made by Dobell in 1919 but not with 
that made in 1926 in his expressions of opinion on Eimer’s observation. In 
spite of the doubt realised by him in 1919 and expressed in the above quota- 
tion Dobell (1919 and 1926) concludes that it is better to accept the position 
that Eimer was actually observing the Isospora, the odcysts of which were 
discovered in the war. The name Cytospermium hominis! was given by 
Rivolta (1878) to Eimer’s organisms and Dobell (1926, p. 84) thinks that the 
most rational procedure is “to give both Eimer and Rivolta the benefit of the 
doubt, and to apply the name J. hominis to the commonest and only known 
species of the genus found in man.” It is just this “doubt” which in my opinion 
makes it impossible to accept this position. To assume that Eimer must have 
been observing J. belli is a mere guess which for purposes of nomenclature is 
unsound. It is perfectly clear that there is nothing in Eimer’s description to 
justify the identification of his parasite with J. belli. If the latter had belonged 
to any other genus or to an entirely new genus the same identification could 
be made. Though J. belli be the only known coccidium of the human intestine 
the identification still cannot be made, for, as Dobell (1919, p. 153) says, it is 
open to question if Eimer’s parasites were coccidia. Even if they were it has 
to be remembered that Eimer’s observations were made over fifty years ago 
and this introduces a fallacy which frequently occurs in attempts made to 
identify organisms imperfectly described by early workers. Can it be assumed 
that the parasites of the human intestine have remained constant during all 
these years? The conditions of exposure to infection may have changed owing 
to improvements in the food eaten and hygienic conditions. Human beings 
may have ceased to come in contact with animals which formerly lived in 
close association with them and which may have been alternative hosts of 


1 The name Cytospermium was given by Rivolta to a variety of different objects some of which 
cannot be coccidia. The first recognisable form to which it was applied is a member of the genus 
Eimeria, and I conclude that the name Cytospermium is a synonym of Eimeria. He named the 
following species: 

1. C. viridis. Cyst-like bodies found by Paulicki in the lungs of monkeys and by Piana in the 
same situation and in the mesentery of fowls. 

2. C. ziirnii, now known as Eimeria zirnii, the common coccidium of cattle. 

3. C. ranae, coccidia of the intestine of frogs—either an Himeria or an Isospora. 

4. C. hominis, the bodies found in man by Eimer (1870). 

5. C. villorum intestinalium canis, the coccidia of the villi of dogs, which are undoubtedly 
Isospora bigemina or I. rivolta. 


6. C. hepatis canis familiaris. Unquestionably eggs of a trematode. 
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parasites capable of living in them. A hypothetical case may explain my 
meaning more clearly. Supposing a parasite of the black rat had been capable 
of infecting man, then the disappearance of this animal and its replacement 
by the brown rat, provided the parasite was incapable of developing in it, 
would probably lead to its disappearance from man. Such reasons for alteration 
in the parasites which may be found in any host may not be of great im- 
portance but they are at least possibilities and throw doubt on identifications 
of any parasite, very insufficiently described by an early worker, with forms 
which are now found to be the commonest parasite in any situation. For 
these and many other reasons I still feel convinced that zoologists are not 
justified in identifying Eimer’s psorosperms with any known coccidium and 
that therefore Rivolta’s name Cytospermium hominis is a nomen nudum. When 
Dobell states that in my conclusion that Virchow was observing a small form 
like I. bigemina I am postulating a parasite which is not known to exist, I can 
only reply that in his own conclusion or guess that Virchow was observing 
the form named by me J. belli he is postulating something which Virchow’s 
description does not support. And when he says (1926, p. 84), regarding the 
small parasite of man, that it is an “organism postulated by Wenyon—of 
which I knew and still know nothing”—I can only suppose that this is due 
to his refusal to accept what Virchow says about it. I at least have adhered 
to the literal meaning of Virchow’s words and I feel convinced that if con- 
fusion in nomenclature is to be avoided it can only be accomplished in this way. 

It is quite possible that a small parasite like J. bigemina will be redis- 
covered in man. If this occurred, how much greater then would be the con- 
fusion in the nomenclature, for I can hardly imagine that Dobell or anyone 
else would dispute the fact that the name J. hominis would be the correct name 
for it. Of the small form in man, J. hominis, very little is known except that 
Virchow said it was in the interior of the villi and was exactly like the form 
he had seen in the dog, of which we fortunately know something. For this 
reason I still believe that confusion is to be avoided by the adoption of the 
name J. belli for the coccidium discovered in man during the war. 

“There is as yet no good evidence to prove that Kjellberg’s [sospora and 
the much larger evidently distinct species are” identical, while to conclude 
that they are identical is “to draw far-reaching conclusions from insufficient 
premisses” which is contrary to scientific procedure. It is unfair to Virchow, 
for it accuses him of inaccurate description, and is misleading to future in- 
vestigators for they are led to believe that the identification has been estab- 
lished. When Dobell (1926, p. 84) says that it is curious that I accept the name 
hominis when proposed by Railliet and Lucet but reject it when proposed by 
Rivolta I must again point out that I take the name hominis from Coccidium 
bigeminum var. hominis Railliet and Lucet, 1891 because this was given to 
an undoubted member of the genus Isospora discovered by Kjellberg and 
described by Virchow as Dobell himself concludes, while I reject the name 
hominis in Cystospermium hominis Rivolta, 1878, because it was a name given 
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to parasites discovered by Eimer which, in Dobell’s own words (1919, p. 153), 
“‘were probably coccidia of some sort, though even this is open to question.” 
I cannot agree with Dobell that if Rivolta’s name be regarded as invalid one 
is entitled to say the same of the name of Railliet and Lucet. 


CoNCLUSIONS. 


1. Cats and dogs are liable to infection with three species of Isospora, viz, 
Isospora felis Wenyon, 1923, with odcysts about 30-45 microns in length, 
Isospora rivolta (Grassi, 1879), with odcysts about 20-25 microns in length, 
and Isospora bigemina (Stiles, 1891) with odcysts about 10-16 microns in 
length. J. bigemina is very liable to invade the sub-epithelial tissues of the 
villi, in which case the odcysts attain maturity in this situation. It is possible 
that I. rivolta may behave in a similar manner. 

2. Human beings are liable to infection with Isospora belli Wenyon, 1923, 
and possibly a smaller species Isospora hominis (Railliet and Lucet, 1891) 
which, as far as can be judged from the published record of Virchow, 
resembles J. bigemina as it occurs in the dog. It is not admissible to con- 
clude without further evidence that these two forms, J. belli and I. hominis, 
are identical. 
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